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1-1. SCOPE OF MANUAL. 

1 - 2 . This instruction manual provides descriptive data, 
operating instructions, theory of operation, maintenance 
instructions, and a parts list for the Model 4210 R. F. 
Micro wattmeter. (See Figure 1-1.) 

SAFETY NOTICE 

Although this instrument has been designed in accordance 
with international safety standards, general safety precau- 
tions must be observed during all phases of operation and 
maintenance of the instrument. Failure to comply with the 
precautions listed in the Safety Summary located in the 
front of this manual could result in serious injury or death. 
Service and adjustment should be performed only by 
qualified service personnel. 

1-3. PURPOSE OF EQUIPMENT. 

1 - 4 . The instrument is a microprocessor-controlled, solid- 
state unit that features ease of operation, high sensitivity, 
low input s.w.r., and low noise. It measures r.f. power levels 
from 1 nW (-60 dBm) to 100 mW (+20 dBm). The cali- 
brated frequency range extends from 0.2 MHz to 18 GHz, 
depending upon the accessory sensor used; useful response 
for relative measurements is obtained from 20 kHz to 
approximately 20 GHz. Representative uses of the instru- 
ment include: 

a. Low-power transmitter, signal generator, and oscilla- 
tor measurements 

b. S.W.R. and return-loss measurements with direc- 
tional couplers and slotted lines 

c. Gain and insertion-loss measurements 

d. R.F. attenuation and s.w.r. measurements 

e. Antenna measurements 

1-5. DESCRIPTION OF EQUIPMENT. 

1 - 6 . The instrument is packaged as a compact bench unit. 
When operated with Boonton Series 4210-4/ 5 sensors, the 
instrument displays r.f. power by measuring the voltage 
across a precision, non-inductive resistor in the sensor head 
with specially selected diodes. Panel indications are cali- 
brated in terms of power according to the relationship P = 
E 2 /R. This detection system has important performance 
advantages over power meters that use bolometer or 
thermo-electric detection. The instrument sensitivity of 1 
nanowatt (-60 dBm) is orders of magnitude better; temper- 
ature stability of better than 0.001 dB/°C supports this 
sensitivity; and burnout levels exceed 300 milliwatts. 



average power for all types of waveforms. Above these 
levels, the instrument displays, by means of internal shap- 
ing, the true average power of c.w. signals. If the r.f.signal is 
gated or amplitude modulated, the indicated power may 
not be the true average power. The signal may be attenu- 
ated to bring it within the r.m.s. region of measurement. 
Alternatively, the instrument can be used with thermal 
sensors Model 4210-7E/8E; in this case, the instrument mea- 
sures and displays the true average power for all waveforms. 

1-8 The outstanding design features are: 



a. Wide Frequency Range. The calibrated frequency 
range of the instrument is determined by the sensor used 
with the instrument. The instrument is normally ordered 
with one of the following sensors: / , 

FREQUENCY RANGE”" 60 / + to dDnn 

Model (Impedance) Power Range 



42 10-4 A 
4210-4B 
42 1 CMC 
4210-4E 
42 1 0-5 B 
4210-5E 
4210-7E 
421 0-8 E 



200 kHz to 7 GHz (50 ohms) 
200 kHz to 12.4 GHz (50 ohms) 
200 kHz to I GHz (75 ohms) 
200 kHz to 18 GHz (50 ohms) 
200 kHz to 12.4 GHz (50 ohms) 
200 kHz to 18 GHz (50 ohms) 
10 MHz to 18 GHz (50 ohms) 
10 MHz to 18 GHz (50 ohms) 



1 nW to 10 mW 
1 nW to 10 mW 
1 nW to 10 mW 
1 nW to 10 mW 
10 nW to 100 mW 
10 nW to 100 mW 
1 jaW to 10 mW 
IOjuW to 100 mW 



b. Wide Power Range. Depending on the selected sen- 
sor, the instrument will measure r.f. power from 1 nW up to 
100 mW. Temporary overloads up to 300 mW with Series 
42104 sensors, and up to 2 W with Series 4210-5 sensors, 
will do no permanent harm to the instrument or the sensor. 
When measuring pulsed signals, the power indications are 
accurate up to 20 microwatts peak power (up to 200 mi- 
crowatts with Series 4210-5 sensors). External attenuators 
may be used to extend the measurement range of the 
instrument. 



c. Low Noise. The instrument has been designed and 
constructed to minimize noise from all sources. The sensor 
cable is of a special low-noise design; vigorous flexing 
causes only momentary minor excursions of the display on 
the most sensitive range of the instrument. The sensors are 
insensitive to shock and vibration; even sharp tapping on 
the sensor barrel causes no visible excursions on any range. 
Internal signal amplification occurs at approximately 94 
Hz, thereby reducing susceptibility to 50- or 60-Hzfields. A 
low-noise solid-state chopper is used. 



1 - 7 . Diode sensors are r.m.s. -responding for low-power 
levels (below 20 microwatts for Series 42104 sensors and 
200 microwatts for Series 4210-5 sensors). At these low- 
power levels, the instrument measures and displays true 



d. LED Display. Measured power levels are displayed 
by a 4-digit, LED-type readout with decimal points and 
minus sign. Annunciators associated with the LED display 
indicate the units of measurement. The result is a clear, 
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unambiguous readout that minimizes the possibility of 
misinterpretation. 

e. Analog Indications. A front-panel analog meter pro- 
vides relative power indications for peaking or nulling 
applications. The display is proportional to power on each 
range (PWR mode) or to dB over the entire range (dB 
mode). 

f. Pushbutton Measurement-Mode Selection. A choice 
of measurement modes is available to the operator. Indica- 
tions in terms of power or of dBm can be selected by 
pressing the appropriate front-panel key switch. A dB ref- 
erence level equal to the last displayed dBm value can be 
entered through the keyboard REF switch, and a display 
mode can be selected to indicate power levels in dBr relative 
to that dB reference level. 

g. Automatic Ranging. Autoranging under control of 
the microprocessor eliminates the need for manual ranging. 
Applications of power levels that exceed the maximum 
capability of the instrument result in an error indication on 
the LED display. 

h. Automatic Zeroing. An automatic zeroing circuit 
eliminates the need for tedious, often inaccurate, manual 
zeroing. With zero input to the sensor, pressing a front- 
panel ZERO key switch directs the microprocessor to 
compute and store zero corrections for each range, and the 
instrument is thereafter corrected on each range in accor- 
dance with the stored data. This method is considerably 
simpler, faster, and more accurate than manual zeroing. 

i. Sensor Compensation. Calibration factors in dB are 
selected by a front-panel rotary control calibrated in 0. 1 dB 
stepsfrom 1 . 10 to -1 .10 dB. The sensoritself is marked with 
the appropriate calibration factors as a function of 
frequency. 

j. Solid-state Chopper. Signal amplification in the in- 
strument occurs at approximately 94 Hz. Input signals 



from the sensor are converted into a 94-Hz signal by a 
solid-state, low-level input modulator (chopper), which rep- 
resents a distinct improvement over electromechanical 
choppers. Extended service life is assured through the elim- 
ination of contact wear, contamination, and other prob- 
lems associated with electromechanical choppers. 

k. Signature-Analysis Maintenance. Connection facili- 
ties to permit signature-analysis maintenance are incorpo- 
rated. Digital circuit troubles can be localized rapidly and 
accurately using the signature-analysis maintenance tech- 
nique, thereby reducing instrument down-time. An adapter 
(P/N 950028) is available from Boonton Electronics Cor- 
poration for signature-analysis maintenance. 

1-9. ACCESSORIES. 

1-10. The basic instrument is supplied complete with 
power cord, sensor cable and sensor. It is designed to 
operate with any Boonton Electronics Corporation Series 
4210 sensor, the characteristics of which are listed in Table 
1-1. The calibration data for the particular sensor ordered 
are written into microprocessor memory before shipment 
of the instrument. 

1-11. Inquiries regarding special applications of the in- 
strument to specific customer requirements are invited. 
Direct such inquiries to the Applications Engineering De- 
partment of Boonton Electronics Corporation. 

1-12. SPECIFICATIONS. 

1-13. Pertinent performance specifications for the instru- 
ment are listed in Table 1-1. 

1-14. OUTLINE DIMENSIONS. 

1-15. Outline dimensions of the instrument are shown in 
Figure 1-4. 



TABLE 1-1. PERFORMANCE SPECIFICATIONS 



Parameter 


Specifications 


FREQUENCY RANGE: 


200 kHz to 18 GHz (depending on power sensor used) 


MODES: 




Power 


Display in nW, juW, or mW 


dBm 


Display in dB relative to 1 mW 


dBr 


Display in dB relative to the previous dBm display 


POWER RANGE: 




With all 4210-4 series sensors 


70 dB dynamic range with 7 full-scale ranges of-50,-40,-30,-20,-10, 0 
and + 10 dBm (10 nW to 10 mW f.s.) 


With all 4210-5 series sensors 


70 dB dynamic range with 7 full-scale ranges of- 40, -30, -20,- 10, 0, + 10 
and +20 dBm (100 nW to 100 mW f.s.) 
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (cont.) 



Parameter 



Specifications 



With 4210-7E sensor 
With 4210-8E sensor 
Ranging 



40 dB dynamic range with 4 full-scale ranges of- 20,- 10, 0, and + 10 dBm 
(10/xWto lOmWf.s.) 

40 dB dynamic range with 4 full-scale ranges of -10, 0, +10, and 
+20 dBm (100 to 100 mW f.s.) 

Automatic 



INSTRUMENTATION ACCURACY: 



(Uncertainties include instrumentation, non-linearity, range zero correc- 
tions, and noise). 



Zero 

Zero drift 



Temperature effect 



GENERAL: 

Cal. Factor 
Waveform Response 



Modes 


Ranges 


All But Lowest 
(All Sensors) 


Lowest 

(4210-4 &-5 Sensors) 


Lowest 

(4210-7E Sensor) 


PWR 

MODE 


± 1 .5% rdg. ±0.1% f.s 


±2% rdg. ± 1.5% f.s. 


± 1% rdg. + 3% f.s. 


dB 

Modes 


+ 0 07 HR ± dB f.s. - dB rdg 


±0 15dR± dB f .,-dB rd , 


±n.l dR± dB f.s. - dB rde. 


250 


15 


10 



Automatic, operated by front-panel key switch 



With all 4210-4 series sensors: 1 riW/h, max., on 10 nW range 
With all 4210-5 series sensors: 10 nW/h, max., on 100 nW range 



With 4210-7E sensor: 1 /xW/h, max., on 10 (JW range 



With 



4210-8E sensor: 1 /xW/h, max., on 100 jliW range 

Range Instrument 



21° C to 25° C 0 dB 

18° C to 30° C 0 dB 

10° C to 40° C ±0.2 dB 



Sensor 

0 dB 
±0.1 dB 
±0.2 dB 



Range 1.10 dB to - 1.10 dB, entered via calibrated front-panel control 

With all 4210^1 series sensors: True average power to 20 /xW; above 
20 /uW, average power of sine wave 

With all 4210-5 series sensors: True average power to 200 /xW; above 
200/xW, average power of sine wave 



Measurement Speed 



With 4210-7E/8E sensor: True average power 

With 4210^4 and -5 sensors: Typically 1 .0s to 2.5s. Worst case below 
-40dBm, 8s for increasing and 27s for decreasing levels 



Display 



With 4210-7E and 4210-8E sensors: Typically 2s to 5s for increasing 
levels and 2s to 23s for decreasing levels 

4-digit LED. 3-1 / 2 digit display of power, 4-digit display of dB with 0.01 
dB resolution 



Annunciators 
Error Indication 
Power Consumption 
Weight 
Size 



Auxiliary analog display, uncalibrated, proportional to power (PWR 
mode) or dB (dB mode) 

LED display of nW, /xW, mW, dBm and dBr 
Display shows overrange condition 
100, 120, 220, 240 V, 50 - 400 Hz, 18 VA 
2.27 kg (5 lbs.), approx. 

114 mm high x 216 wide x 257 deep (4.5 in. x 8.5 x 10.1) 
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TABLE 1-2. SENSOR CHARACTERISTICS 



S«fiaor 

Typo 


Full-wave dfode 


Thermocouple 

type 


Model 


4210-4A 


4210-4B 


4210-4C 


4210-4E 


4210-5B 


4210-5E 


4210-7E 


4210-8E 


Input 


son 


so n 


75 £1 


50fi 


so n 


5012 


so n 


Frequency 

Range 


200kHz-7GHz 


200k Hz-12.4 GHz 


200k Hz-1 GHz 


200kHz-18GHz 


200kHz-12.4GHz 


200kHz-18GHz 


10MHz-18GHz 


Power Range 


1 nW to 10 mW 


10 nW to 100 mW 


1/jW to 10 mW 


10 pW to 10 mW 


Sun of 
Calibration 
Factor 
Uncertainty 


1%, 0.2-300 MHz 

1,3%,300MHz-2GHz 

3.0%, 

2G Hz-4 GHz 
3.5%, 

4GHz-7GHz 


1%, 0.2-300MHZ 
1.3%, 300MHz-2GHz 
3.0%, 2G Hz-4 GHz 
3.5%, 4GHz-8GHz 
4.0%, dGHz-IOGHz 
4.5%, 10GHz-12GHz 
6.0%, 12GHz-18GHz 

Add 0.05 dB/mW above 4 GHz 


1%, 0.2-300 MHz 
1.3%, 300MHx-2GHx 
3.0%, 2 GHz-4 GHz 
3.5%, 4 GHz-8 GHz 
4.0%, 8GHz-l0GHz 
4.5%, 10GHz-12GHz 
6.0%, 12GHz-18GHz 

Add 0.005 dB/mW above 4 GHz 


1%, 10-300MHz 
1.3“/*, 300MHz-2GHz 
3.0%, 2GHz-4GHz 
3.5%, 4GHz-8GHz 
4.0%, 8 GHz- 10 GHz 
4.5%, 10GHz-12GHz 
6,0%, 12GHz-18GHz 


Max. SWR 


1.12, 

200kHz-2GHz 

1.2, 

2GHz-4GHz 

1.4, 

4GHz-7GHz 


1.12, 

200kHz-2GHz 

1.2, 

2G Hz -4 GHz 
1.4, 

4GHz-1 1GHz 
1.6, 

11 GHz-12.4 GHz 


1.18, 

20 0k Hz-1 GHz 


1.3, 

200kHz-4GHz 

1.5, 

4GHz-10GHz 

1.7, 

10GHz-18GHz 


1.07, 

200kHz-1 GHz 
1.10, 

1GHz-2GHz 

1.12, 

2GHz-4GHz 

1.18, 

4GHz-12.4GHz 


1.07, 

200kHz-1GHz 

1.10, 

1GHz-2GHz 

1.12, 

2G Hz-1 GHz 
1.18, 

4GHZ-12.4GHZ 

1.28, 

12.4GHz-18GHz 


1.5, 

10 MHz-15MHz 
1.35, 

15MHz-10GHz 

1.6, 

10GHz-18GHz 


| Max Average Power 


10 mW {+10 dBm) 


100 mW (+20 dBm) 


10 mW (+10 dBm) 


100 mW (+20 dBm} | 


Overload Bating 




300 mW (+25 dBm) 


2W (+33 dBm) 


30 mW (+14 dBm)’ 


200 mW (+23 dBm) | 


RF Connector 


Precision Type N male 


Calibration 

Factor 


Individually calibrated at up to 9 frequencies, depending on sensor. 
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MAXIMUM RESPONSE TIME IN SECONDS WITH 4210-4/5 SENSORS 



LI 

(dBm) 



L2 (dBm) 



+ 10 0 -10 -20 -30 -40 -50 -60 

+io- 

0 

-10 
-20 
-30 
-40 
-50 
-60 



1.5 



1.5 



2.5 



2.5 



1.75 



2.5 



2.5 



2.5 



2.5 



2.5 



2.5 



2.5 



2.5 



INCREASING LEVEL 
LI TO L2 



NOTE 

For Series 5 sensors increase levels by 10 dB. 



MAXIMUM RESPONSE TIME IN SECONDS WITH 4210-4/5 SENSORS 



LI 
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1.5 
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27 
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15 
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DECREASING LEVEL 
LI to L2 



NOTE 

For Series 5 sensors increase levels by 10 dB. 



Figure 1-2 Response-Time Chart for Series 42 10 A/ 5 Sensors 
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MAXIMUM RESPONSE TIME IN SECONDS WITH 42I0-7E/8E SENSORS 



LI dBm 



L2dBm 




INCREASING LEVEL 
LI to L2 



NOTE 

For Series 8E sensors increase levels by 10 dB. 



MAXIMUM RESPONSE TIME IN SECONDS WITH 4210-7E/8E SENSORS 



L2 dBm 




Figure 1-3 Response-Time Chart for Instrument and 4210-7E/8E Sensor 
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Figure 1-4 Outline Dimensions 
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2-1. GENERAL. 

2-2. This section provides instructions for installation and 
operation of the instrument. Although the design of the 
instrument emphasizes ease of operation, it is recom- 
mended that the operator familiarize himself thoroughly 
with the material in this section before attempting to oper- 
ate the instrument; otherwise, the full capabilities of the 
instrument may not be realized in use. 

2-3. INSTALLATION. 

2-4. Unpacking. The instrument is shipped complete with 
sensor, and is ready for use upon receipt. Packaging details 
are shown in Figure 2-1. Unpack the instrument carefully, 



and inspect it for any signs of shipping damage. Should any 
damage be noted, notify the carrier and the factory 
immediately. 

NOTE 

Save the packing material and container for 
possible use in reshipment of the instrument. 

2-5. Mounting. For bench use, choose a clean, sturdy, 
uncluttered surface. See Figure 1-4 for space requirements. 

2-6. Power Requirements. The instrument has a tapped 
power transformer which permits operation from 100, 120, 
220, or 240 volt ± 10%, 50 to 400 Hz, single-phase a.c. 
power sources. Power consumption is approximately 18 
volt-amperes at 60 Hz. 
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2-7. Cable Connections. A line cord and sensor cable are 
supplied with the instrument. Any other cables required 
must be supplied by the user. Cable connections that may 
be required are: 

a. Sensors. The sensor cable supplied with the basic 
instrument connects directly to the front-panel SENSOR 
connector, and the sensor that is to be used for power 
measurements connects directly to the other end of the 
sensor cable. Although the sensors are insulated against 
extreme temperature variations, it is advisable to locate the 
sensor away from heat sources when using the most- 
sensitive ranges of the instrument. If the instrument is to be 
used to measure the output of equipment that generates 
heat significantly above the ambient temperature, a short 
length of coaxial cable or solid line having the same charac- 
teristic impedance as the sensor may be used between the 
sensor and the equipment undergoing test to allow heat to 
dissipate before reaching the sensor. If such a cable is used , 
the length must be kept as short as possible for operation at 
the high end of the frequency range; cable losses and an 



increase in s.w.r. will tend to degrade measurement 
accuracy. 

2-8. OPERATING CONTROLS, INDICATORS, 
AND CONNECTORS. 

2-9. Controls, indicators, and connectors used during op- 
eration of the instrument are shown in Figures 2-2 and 2-3. 
Table 2-1 lists their functions. 

2-10. SENSOR CALIBRATION DATA. 

2-11. Low-frequency calibration corrections for sensors 
ordered with the instrument are written into microproces- 
sor memory at thefactory before shipmentof the instrument 
and sensor. High-frequency calibration data appear on the 
chart on the sensor barrel and the proper dB correction is 
entered using the CAL FACTOR dB control. For the 
procedure for determining the calibration factor, refer to 
paragraph 4-21. The field replacement of any sensor with 



TABLE 2-1. OPERATING CONTROLS, INDICATORS, AND CONNECTORS 



Control, Indicator, 
or Connector 


Figure and 
Index No. 


Function 


METER 


2-2, 1 


Provides relative indication of power or dB for peaking and 
nulling operations. 


LED display 


2-2,2 


Four-digit LED display with minus sign and decimal 
points; provides numerical indication of measured power, 
dBm, or dBr. 


mW, /AV, and nW 
annunciators 


2-2, 3 


Indicate units of power when instrument is operating in 
power mode. 


dBm and dBr annunciators 


2-2,4 


Indicate mode of dB operation. 


CAL FACTOR control 


2-2, 5 


Provides means of entering calibration factors in dB. 


LINE switch 


2-2,6 


Provides means for switching a.c. line power on and off. 


REF key 


2-2, 7 


Provides means for storing a displayed dBm reading as the 
reference for future dBr measurements. 


dBr key 


2-2,8 


Provides means for displaying dB measurements offset by 
the selected reference (see 2-2, 7). 


PWR/dBm keys 


2-2,9 


Provide means for selecting power or dBm mode of display. 


ZERO key 


2-2, 10 


Provides means for generating and storing zero corrections 
for all ranges with zero input to sensor. 


SENSOR connection 


2-2, 1 1 


Provides means for connecting sensor. 


Power connection 


2-3, 1 


Provides connection for a.c. power cord. 


FI fuse 


2-3,2 


Accepts 0.3 A (100/120 V a.c.) or 0.2 A 
(220/240 V a.c.) fuses. 


A.C. power switch 


2-3, 3 


Provides means for selecting a.c. power of 100, 120, 220, or 
240 V. 


Fuse chart 


2-3,4 


Describes required fuse value for various a.c. line voltages. 
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another of the same type requires only a simple recalibra- 
tionprocedure (see Section IV). If a sensor is replaced with 
one of a different type, a replacement PROM is also re- 
quired to reconfigure the 4210 to the new sensor. 

a. General. Power sensors used with the Model 4210 
can be thought of as four-part items: the power sensor 
itself, an EPROM, and two resistors. If you change the type 
of sensor from that with which the 4210 was originally 
supplied, it may be necessary to change the EPROM and 
the resistors as well. The following table gives the part 
number for ordering a new sensor; it is in fact the part 
number for a kit that includes the sensor, an EPROM and 
two resistors. 

In some cases you may receive an EPROM with the same 
part number as that of the EPROM already installed in the 
instrument. However, since the new one may be an updated 
version, it is preferable to install the new EPROM. Note 
that even if neither the EPROM nor the resistors need be 
changed, it will always be necessary to recalibrate the 4210 
when changing sensors. 



Model 4210 Power-Sensor Configuration 



Part No. 


Sensor 

Type 


EPROM 


Resistors 


95 101801A 


42 10-4 A 


53427600A 


341325000 


95 101901A 


4210-4B 


53427600A 


341325000 


95102001A 


4210-4C 


53427600A 


341325000 


95 102101A 


4210-4E 


53427600A 


341325000 


95 102201A 


4210-5B 


53428300A 


341325000 


95 102301A 


4210-5E 


53428300A 


341325000 


95102401 A 


4210-7E* 


53429200A 


** 


95102501A 


4210-8E* 


53430700A 


** 






534388000 


** 






534389000 


** 


* Add two (2) (343729000) 20M 5 % 1/4 W resistors to 


the Chopper Board. 






** A selected resistor value between 4.32K to 8.25K must 


be used. 









b. Installation. 

(1) Remove line power from the 4210. 

(2) Remove the instrument’s top cover. 

(3) Replace U29 (EPROM) in the instrument with 
the EPROM supplied in the kit. Note that if you are 
replacing a sensor with one of the same type, you do 
not have to replace U29 but, as noted earlier, it may 
be desirable to do so. 

(4) Use the Overlay drawing on page 6-7 to help 
locate resistors R21 and R23. (They are at the very 
bottom of the drawing, just to the right of center.) 



Replace these resistors with the ones that are supplied 
in the kit: 1.8 k-ohm for diode-type sensors; and 7.5 
k-ohm for thermal sensors. Note that if you are 
replacing a sensor with one of the same type, there is 
no need to change R21 and R23. 

(5) If parts have been replaced or if you are changing 
sensors (even though the sensors are the same type), 
the Model 4210 must be recalibrated. Refer to page 
4-2,4-14. 

2-12. POWER APPLICATION. 

2-13. The basic instrument is designed for operation from 
a.c. line voltages of 100, 120, 220, or 240, 50 to 400 Hz, 
single phase. To apply a.c. power, proceed as follows: 

a. Determine the line voltage at the a.c. power output 
receptacle. 

b. Position the two voltage-selector slide switches on the 
rear panel to agree with the a.c. line voltage. 

c. Check the rating of the fuse in the rear-panel fuse- 
holder. For 100- or 1 20-volt operation, the fuse should be a 
0.3-ampere, MDL Slo-Blo type; for 220- or 240-volt opera- 
tion, it should be a 0.2-ampere, MDL Slo-Blo type. If the 
rating of the fuse is incorrect, install a fuse of the required 
rating in the fuseholder. 

WARNING | 

The instrument is designed to operate from a 
3-terminal (one ground) a.c. power receptacle. 

If only a 2-terminal a.c. power receptacle is 
available, use a 3-prong-to-2 prong adapter. 
Connect the ground wire of the adapter to the 
power receptacle ground, to eliminate a poten- 
tial shock hazard to the operator. 

d. Connect the power cord between the a.c. power con- 
nector on the rear panel of the instrument and the a.c. 
power receptacle (with adapter, if necessary). 

2-14. PRELIMINARY CHECK OF 
INSTRUMENT. 

NOTE 

The following checkout procedure is intended 
merely to demonstrate that the major circuits of 
the instrument are operating, before the in- 
strument is placed in service. For a detailed 
check of the instrument against performance 
specifications, refer to paragraph 2-28. 
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2-15. To perform a preliminary operational checkout, 
proceed as follows: 

a. Set the LINE switch to the ON position. The LED 
annunciator directly above the switch should light. 

b. Immediately at power-on all the LED display digits, 
the minus sign, and all annunciators should light for ap- 
proximately 1 second, blank for 0.5 second, and then 
commence normal indications. Their failure to exhibit this 
sequence is an indication of instrument malfunction. 

c . Connect the correct power sensor to the front-panel 
SENSOR connector. 

d. With no signal connected to the sensor, press the 
PWR key and then press the ZERO key. A “good zero” is 
indicated by equal positive and negative excursions of the 
display, and by the minus sign flashing on and off. If 
necessary, press the ZERO key a second time to obtain a 
good zero. 

NOTE 

Always have the instrument in the power dis- 
play mode before executing a zero. This assures 
that the quality of the zero correction can be 
monitored by observing the fluctuations of the 
display around zero. If the instrument is in the 
dBm mode, the error signal LO appears on the 
display for signals that are less than -70 dBm, 
and the quality of the zero therefore cannot be 
observed. 

e. Connect any suitable signal source of frequency 
greater than 200 kHz to the sensor input and verify a proper 
display of power. 

f. Press the dBm key and verify an equivalent dBm 
display. 

g. Press the REF key to enter the dBm level displayed in 
(f) above, as the reference for all subsequent dBr displays, 

h. Press the dBr key and verify that the dB display has 
been offset by the reference established in (g), above. 

i. Press the dBm key, check the displayed reading, and 
then rotate the CAL FACTOR control by a given amount. 
Verify that the dBm display changes by that amount. 

j. Reset the CAL FACTOR control to 0. 

k. This concludes the preliminary operational checkout. 
To check the instrument for minimum performance stand- 
ards, refer to paragraph 2-28. 



2-16. OPERATING PROCEDURES. 

2-17. Programming Measurement Parameters. 

a. General. Measurement parameters are entered into 
the microprocessor through the front-panel controls. 
When the instrument is turned on, the PWR key is auto- 
matically activated and no dBm offset is stored for dBr 
measurements. 

b. Mode Selection. Two mode keys select either power 
units or dBm. When the PWR key is pressed, measured 
power levels are displayed in mW, juW, or nW; the annuncia- 
tors associated with the LED display indicate the appro- 
priate unit.When the dBm key is pressed, measurement 
values are displayed in terms of dBm (0 dBm is equivalent 
to 1 mW across 50 ohms). An annunciator associated with 
the LED display indicates when the dBm mode is selected. 

c. Two mode keys select a dB display offset by a refer- 
ence value. Any displayed dBm reading may be stored as 
the reference by pressing the REF key. When the dBr key is 
then pressed, all future dB readings will be offset by that 
reference. As an example, if the instrument is displaying a 
reading of- 10.00 dBm, pressing the REF key will store this 
value. When the d Br key is pressed, assuming no change in 
the input power level to the sensor, the display will indicate 
0.00 dBr [- 10.00 dBm - (- 10.00 dBm)]. 

NOTE 

Since the difference of two dB values is the 
same as the ratio of the two equivalent power 
values, offset measurements provide ratio ca- 
pabilities. Additionally, an offset dB display is 
a convenient means for normalizing future 
readings to the reference value. 

d. Range Selection. Range selection is entirely auto- 
matic and always results in the best possible display resolu- 
tion. 

e. CAL FACTOR Selection. The sensors used with the 
instrument are frequency-sensitive; that is, with a constant 
input power level applied, their output signal level does not 
remain constant as the measurement frequency is changed . 
Each sensor is marked with its required corrections as a 
function of frequency. The front-panel CAL FACTOR 
rotary control provides the means for entering these correc- 
tions into the microprocessor. As an example, if a sensor 
has a CAL FACTOR of-0.35 dB at a particular frequency, 
setting the CAL FACTOR control to -0.35 dB will correct 
the display value for that frequency 

2 - 18 . Zeroing the Instrument. For greatest accuracy, espe- 
cially on the most-sensitive ranges, the instrument must be 
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zeroed. To eliminate tedious and less-accurate manual 
zeroing, the instrument incorporates an automatic zeroing 
capability. When automatic zeroing is initiated, the mi- 
croprocessor reads and averages the offset and stores the 
zero correction required on the most sensitive range, as well 
as scaled corrections required for the other ranges. The 
instrument then applies the proper zero correction for the 
range in use for all subsequent measurements. During in- 
strument warmup, or when used in an environment with 
varying ambient temperatures, the instrument should be 
zeroed frequently if measurements are being made on the 
lowest ranges. To zero the instrument, proceed as follows: 

{ CAUTION : 

Never press the ZERO key with a signal applied 
to the sensor; to do so will result in large, 
erroneous zero corrections and grossly inaccu- 
rate measurements. 

a. Remove all input power to the sensor. 

NOTE 

If the instrument is subjected to strong r.f. 
fields, shield the sensor in accordance with the 
instructions in paragraph 2-27. 

b. If the instrument is in the power mode, press the 
ZERO key. If the instrument is in the dBm or dBr mode, 
first press the PWR key, then press the ZERO key. A “good 
zero” is indicated by equal positive and negative excursions 
of the display and by the minus sign flashing on and off. If 
necessary, press the ZERO key a second time to obtain a 
good zero. 

2-19. Making Absolute Power Measurements. Once the 
instrument is zeroed, it is ready for power-level measure- 
ments. Merely connect the sensor to the source whose 
power level is to be measured and press the PWR key, for 
display in power units, or press the dBm key for display in 
dBm units. 

2-20. Making Relative or Offset Power Measurements. If 

the instrument is in the dBm mode of operation, any dis- 
played dBm value may be used as a reference for subse- 
quent relative power measurements, as follows: 

a. Press the REF key. This stores the current dBm value 
as a reference. 

b. Press the dBr key. The dBr annunciator will light, 
indicating that the instrument is displaying dB values rela- 
tive to the stored reference. The stored reference remains 
unchanged for all subsequent measurements until a new 
reference is entered or the instrument is turned off. 



2-21. MAKING MEASUREMENTS. 

2-22. Low-Level Measurements. The instrument will pro- 
vide reliable, reproducible measurements of c.w., a.m., and 
f.m. power levels as low as 1 nW (-60 dBm). It can also be 
used for pulse measurements but with slightly decreased 
accuracy (±1 dB). Peak power levels for pulse measure- 
ments should not exceed 200 fJSM (20 fJW for Series 4210-4 
sensors); above this level the sensor enters the region where 
it operates out of the square-law region, and accuracy at 
such signal levels is correct for c.w. and f.m. only. 

2-23. High-Level Measurements. Zeroing of the instru- 
ment is not critical when making high-level measurements 
(10 fx W to 100 mW). C.W. and f.m. power measurements 
can be obtained within the specified accuracy up to 100 
mW; accuracy cannot be guaranteed for pulse power mea- 
surements with instantaneous peaks exceeding 350 juW (35 
iuW for Series 4210-4 sensors). 

2-24. High-Frequency Measurements. At frequencies 
above 1 GHz, the appropriate sensor-calibration factor 
must be entered by the CAL FACTOR control if the 
specified accuracy of the instrument is to be realized. (Refer 
to paragraph 2-17e.) 

NOTE 

Model 4210-4 A, 4210-4B, 4210-4E, 4210-5B, 
4210-5 E and 42 1 0-7E sensors are calibrated for 
use with a 50-ohm source; model 4210-4C sen- 
sors are calibrated for use with a 75-ohm 
source. Impedance mismatch results in in- 
creased s.w.r., which affects measurement ac- 
curacy. (Refer to paragraph 4-30 and Figure 
4-7.) This effect can be reduced by inserting a 
low-s.w.r. attenuator (s.w.r. less than 1.10) ora 
low-loss tuner between the source and the 
sensor. 

2-25. Temperature Effects. Specified instrument accura- 
cies apply over an ambient temperature range of 21° C to 
25° C. Operation outside this temperature range causes 
some additional error. Figure 2-4 shows typical tempera- 
ture characteristics of a Series 4210 sensor, and Figure 2-5 
shows typical temperature characteristics of the instrument 
and sensor combined. 

NOTE 

For best zero stability of the instrument, allow 
the instrument and sensor to reach a stable 
temperature. 

2-26. S.W.R. Measurements. The high upper-fre- 
quency limit and sensitivity of the instrument facilitates 
s.w.r. measurements with a slotted line. S.W.R. measure- 
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ments require only comparative, rather than absolute, 
measurement values; therefore, the instrument may be used 
up to 20 GHz with a model 4210-4E sensor. The front-panel 
meter is especially useful for rapid determination of maxi- 
mum and minimum power points. S.W.R. is determined by 
measuring the dB difference between a maximum and a 
minimum voltage point on a slotted line and converting this 
difference to s.w.r. An adapter, usually available from the 
slotted-line manufacturer, is required to couple the sensor 
to the slotted line. To make slotted-line s.w.r. measure- 
ments, proceed as follows: 

a. Connect the sensor to the sliding carriage, using a 
suitable adapter. 

b. Ascertain that the signal source is turned off; then, 
zero the instrument. 

c. Turn on the signal source and slide the carriage along 
the slotted line until a point of maximum indication is 
located. Adjust the source signal level and the probe setting 
for the least coupling that yields a-41 dBm reading at the 
maximum point. (The incident power should be at least 
0 dBm.) 

d. Slide the carriage along the slotted line until a min- 
imum indication is located. Read the level at this point. 
Subtract the measured level at the minimum point from 
that at the maximum point, ignoring signs. Convert the 
resultant AdB into s.w.r., either through use of the s.w.r. 
conversion chart (Figure 2-6) or by computation. S.W.R. is 
the antilog, base 10, of AdB/ 20. 

2-27. Shielding Recommendations. If the instrument is 
subjected to strong r.f. fields, accurate zeroing may be 
difficult unless the sensor is shielded during the zeroing 
operation. The simplest method of shielding is to connect 
the sensor to the device whose power level is to be mea- 
sured, first making sure that the device is turned off; how- 
ever, in some instances, the device may act as an antenna 
and introduce additional noise voltage into the sensor. If 
this happens, disconnect the sensor from the device, stand 
the sensor, end down, on a copper plate, and hold it down 
firmly so that the rim of the sensor connector makes good 
contact with the copper plate at all points. Alternatively, 
wrap a piece of thin copper foil around the body of the 
connector body, and crimp the foil around the open end of 
the connector, making certain that the center pin of the 
connector is not shorted. If frequent zeroing in strong noise 
fields is necessary, construct an adapter, using a Type N 
connector permanently fitted with a copper foil shield. 

2-28. MINIMUM PERFORMANCE 
STANDARDS. 

2-29. Test Equipment Required. For minimum perfor- 
mance testing of the instrument, a precision adjustable 



power source, such as the Boonton Model 25A Power 
Meter Calibrator, is required. 

NOTE 

A 1 MHz power source, such as the Boonton 
Model 25A, is recommended for testing the 
instrument and its sensors, except when the 
instrument is fitted with a 4210-7E sensor. In 
that case, an equivalent 50 MHz power source 
is required. 

2-30. Preliminary Setup. 

a. Turn on the instrument and the adjustable power 
source and allow a warmup period of at least one hour. The 
ambient temperature should be 21° C (70° F) to 25° C 
(77° F). 

b. Set the adjustable power source to zero and connect 
the sensor between the power source and the front-panel 
SENSOR connector of the Model 4210, using the sensor 
cable. 

c. If the instrument is in its power mode, as indicated by 
the nW, ynW, or mW annunciators, press the ZERO key of 
the instrument. If the instrument is in either dBm or dBr 
modes, as indicated by those annunciators, first press the 
PWR key followed by the ZERO key. A good zero is 
indicated by equal excursions of the display in both the 
positive and negative directions, with the minus sign flash- 
ing on and off. Repeat the zeroing process, if necessary, to 
obtain a good zero. 

2-31. Ranging Test. To check the autoranging function of 
the instrument, set the output level of the adjustable power 
source to each of the values listed below. If the instrumentis 
ranging properly, the indications will be approximately as 
shown, with correct decimal point and annunciators. 

Indications with Sensor 



Power 


4210-4 


4210-5 


4210-7E 


Annunci- 


Source 








ators 


10 nW 


10.00 






nW 


100 nW 


100.0 


100.0 




nW 


1 mW 


1.000 


1.000 




fJL W 


io mW 


10.00 


10.00 


10.00 




100 mW 


100.0 


100.0 


100.0 


mW 


1 mW 


1.000 


1.000 


1.000 


mW 


10 mW 


10.00 


10.00 


10.00 


mW 


100 mW 




100.0 




mW 



2-32. dBm Mode. When the instrument is turned on it 
always reverts to the power mode. To check the dBm mode 
of the instrument, proceed as follows: 
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a. Set the power source to 1 mW. 

b. Press the dBm key. The indication should be 00.00 dB 
± 0.07 dB (± 0.1 dB with 4210-7E sensor). The power 
annunciators should be off and the dBm annunciator on. 

2-33. Basic Instrument Accuracy Test. To check the basic 
accuracy of the instrument, proceed as follows: 

a. With zero input to the sensor (adjustable power 
source turned off), zero the instrument by pressing the 
PWR key, then pressing the ZERO key. 

b. Press the dBm key. 

c. Set the output level of the adjustable power source to 
each of the following dBm levels, and check that the display 
agrees with the output level of the power source within the 
specified dB limits: 



Power 

Source 


4210*4 


4210-5 


42I0-7E 


+ 10x0-49 
dBm 


-50 to -60 

dBm 


+20 to -39 

dBm 


-40 to -50 
dBm 


-10 to -19 
dBm 


-20 to -30 
dBm 


F.S.*- 0 dBm 


±0.07 dB 


±0.15 dB 


±0.07 dB 


±0.15 dB 


±0.07 dB 


±0.10 dB 


- 1 


±0.07 


±0.21 


±0.07 


±0.21 


±0.07 


±0.20 


- 2 


±0.08 


±0.23 


±0.08 


±0.23 


±0.08 


±0.30 


- 3 


±0.08 


±0.33 


±0.08 


±0.33 


±0.08 


±0.40 


- 4 


±0.09 


±0.40 


±0.09 


±0.40 


±0.09 


±0.50 


- 5 


±0.09 


±0.46 


±0.09 


±0.46 


±o;o9 


±0.60 


- 6 


±0.09 


±0.52 


±0.09 


±0.52 


±0.09 


±0.70 


- 7 


±0.10 


±0.58 


±0.10 


±0.58 


±0.10 


±0.80 


- 8 


±0.10 


±0.65 


±0.10 


±0.65 


±0.10 


±0.90 


- 9 


±0.11 


±0.75 


±0.11 


±0.75 


±0.11 


±1.00 


-10 


- 


±0.77 


- 


±0.77 


- 


±1.10 



*F.S. Inputs, 421(M: + 10, 0,- 10,-20,-30,-40, and -50 dBm 
4210-5: +20,+ 10, 0,- 10, -20, - 30, and -40 dBm 
4210-7E: + 10, 0,-10, -20 dBm 



2-34. dBr Mode. To check the dBr mode of the instrument, 
proceed as follows: 

a. Set the power source to 100 juW and the instrument to 
the d Bm mode. The indication should be- 10.00 dBm ± 0.07 
dB. 



b. Press the REF key. This stores the dBm display of 
- 10.00 dBm as a reference. 

c. Press the dBr key. The display should now indicate 
00.00 dBr [- 10.00 dBm - (- 10.00 dB)] and the dBr annun- 
ciator should be on. 

2-35. Analog Meter. To check the analog meter display of 
the instrument, proceed as follows: 

a. Set the power source to 10 mW and the instrument to 
the power mode. The indication of the analog meter should 
be approximately 85% of full scale. 

b. Reduce the power source in steps of 1 dB and note 
that the analog meter display decreases. 

c. Set the power source to 10 mW and then reduce in 
steps of 10 dB. The analog meter should indicate approxi- 
mately 85% of full scale in each case. 

d. Set the power source to 10 mW (100 mW for the 
4210-5 sensor) and press the dBm key of the instrument. 
The analog meter display should indicate approximately 
85% of full scale. 

e. Decrease the power source in steps of 10 dB. The 
analog meter display should decrease in approximately 
equal steps, approaching zero with zero input. 

2-36. Calibration-Factor Test. To check operation of the 
calibration-factor function, proceed as follows: 

a. Set the power source to 1.0 mW, the CAL FACTOR 
control of the instrument to 0, and press the dBm key. The 
indication should be 00.00 dBm. 

b. Rotate the CAL FACTOR control to + 1 dBm. The 
indication should be + 1 .00 dBm. 

c. Rotate the CAL FACTOR control to - 1 dBm. The 
indication should be -1.00 dBm. 
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SECTION III 

THEORY OF OPERATION 



3-1. GENERAL. 

3-2. The instrument is a microprocessor-controlled, solid- 
state unit that measures r.f. power levels from 1 nW (-60 
dBm) to 100 mW (+20 dBm) in the frequency range of 0.2 
MHz to 18 GHz. A microprocessor is used with a program 
resident in memory to accomplish automatically most of 
the measurement tasks, including ranging, scaling, shaping, 
zero correction, power to dBm conversion, and sensor 
calibration factor correction. Function selection is accom- 
plished manually through front-panel pushbutton switches. 
Measured values are displayed on a 4-digit numeric dis- 
play, and the unit of measurement is indicated by an LED 
annunciator. An analog meter is also provided for relative 
power indications for peaking and nulling applications. 

3-3. BLOCK DIAGRAM. 

3-4. For purposes of this discussion, the circuits of the 
instrument are grouped by function as shown in Figure 3-1 . 
The r.f. power that is to be measured is applied to a sensor, 



which converts the r.f. to a d.c. voltage that is some func- 
tion of the r.f. power level. This d.c. voltage is applied 
through the sensor cable to a solid-state chopper, which 
converts the d.c. voltage to a 94-Hz square wave with an 
amplitude proportional to the d.c. voltage. Drive signals 
for the chopper are provided from the analog section. 

3-5. The analog section also provides amplification, rang- 
ing, and demodulation of the 94-Hz square wave signal 
supplied from the chopper. Ranging is performed automati- 
cally using range data supplied from the digital section. The 
analog section also receives a 752-Hz clock signal from the 
digital section; the chopper and demodulator drive signals 
are derived from this clock signal by frequency divider 
circuits in the analog section. The d.c. output voltage of the 
analog section is supplied to the digital section. 

3-6. The digital section contains the microprocessor with 
associated memory, I/O, and D/A and A/D converters. 
Input d.c. from the analog section is converted to a digital 
form by an A/D converter. This digital data is processed 




A3 - DISPLAY P.C. BOARD 
A4 - CHOPPER PC. BOARD 
A5- SWITCH P.C. BOARD 



Figure 3-1 Block Diagram 



3-1 






Section III 
Theory of Operation 



(smoothed, zero corrected, shaped, etc.) by the micropro- 
cessor, and it is then supplied to the display circuits through 
the I/O ports. Switch data, which define the function to be 
performed, and calibration factor information for the sen- 
sor that is being used, are supplied to the microprocessor 
through the display circuits and the 1/ O ports in the digital 
section. The microprocessor reads this data, executes 
switch commands, and applies calibration factors to the 
measured values. 

3-7. The display circuits contain a 4-digit display, an 
analog meter, and associated annunciator and control cir- 
cuits. Digital measurement data from the digital section 
drives the 4-digit display and annunciators. AD/A con- 
verter in the digital section converts measurement data to 
an analog voltage that drives the analog meter. The CAL 
FACTOR potentiometer in the display circuits provides a 
means for entering calibration correction data for the sen- 
sor being used with the instrument. The display circuits also 
route scanning signals from the microprocessor to the 
switch circuits, which permit operator selection of instru- 
ment functions. Switch closure information is routed 
through the display circuits and the 1/ O ports in the digital 
section to the microprocessor. 

3-8. Operating power for the instrument circuits is pro- 
vided by the power supply. Line voltages of 1 00, 120, 220, 
or 240 volts ±10% may be applied to power transformer 
A1T1 . Switches on the rear panel of the instrument allow 
switching of primary winding connections to accommodate 
the various input voltages. The secondary windings of trans- 
former A1T1 supply power to rectifier- regulator circuits 
that develop regulated +5 volts, -5 volts, +15 volts, and -15 
volts for operation of the other circuits in the instrument. 

3-9. DETAILED THEORY OF OPERATION, 
SENSOR AND ANALOG SECTION. 

(See Figure 3-2.) 

3-10. The r.f. power that is to be measured is applied to the 
sensor, which converts r.f. power to a proportional d.c. 
voltage. The output voltage from the sensor ranges from a 
fraction of a millivolt to volts, as a function of the input 
power level to the sensor. To reduce the effects of drift and 
residuals at very low levels, the d.c. output voltage of the 
sensor is converted to a.c. by the chopper, and the a.c. is 
amplified, scaled, and converted back to d.c. by the analog 
section. The resulting d.c. voltage is supplied to the digital 
section for additional processing required to develop the 
final measurement signals used to drive the display circuits. 

3-11. The sensor used with the instrument contains a non- 
inductive load resistor and a pair of selected diodes con- 
nected as a full-wave rectifier across the load resistor. The 



r.f. voltage developed across the load resistor is rectified by 
the diodes to produce a d.c. voltage which is some function 
of the applied r.f. power level. At levels up to approximately 
10 microwatts, the d.c. voltage is proportional to the input 
power; at higher levels, the d.c. voltage gradually becomes 
proportional to the peak value of the r.f. power level. 

3-12. The chopper printed-circuit board contains four 
solid-state switches, which are used to convert input d.c. 
voltage to a 94-Hz square wave. The switches are controlled 
by 94-Hz chopper drive signals supplied from a frequency 
divider chain in the analog section. Potentiometers A4R4 
and A4R5 provide means for adjusting the chopper. Use of 
a solid-state chopper eliminates most of the undesirable 
characteristics of electromechanical choppers, such as con- 
tact wear, bounce, and contamination. The output of the 
chopper is a balanced 94-Hz square wave that is directly 
proportional to the d.c. voltage applied from the sensor. 

3-13. The balanced 94-Hz square wave signal from the 
chopper is amplified by operational amplifiers A2U8, 
A2U10, and A2U12 and associated circuits. The gain of 
operational amplifiers A2U8 and A2U10 is controlled by 
the microprocessor through gates A2Ulla and A2Ullb, 
multiplexer A2U9, and resistance networks in the feedback 
paths of the operational amplifiers. Gain is adjusted by 
adjusting the feedback. Signals R0, Rl, and R2 from the 
digital section, applied through gates A2U1 la and A2U1 lb, 
control switching of input terminals D1 and D2 of multi- 
plexer A2U9 to two of eight points in the resistance net- 
works, thereby adjusting the feedback and the amplifier 
gain. The 94-Hz output of operational amplifiers A2U8 
and A2U10 is applied to the differential inputs of opera- 
tional amplifier A2U 1 2, which provides additional amplifi- 
cation and converts the signal to a single-ended signal. This 
signal is amplified and scaled by operational amplifier 
A2U13 and associated circuitry. Multiplexer A2U14 ad- 
justs the gain of this operational amplifier in seven steps 
under control of signals R0, Rl, and R2 from the micro- 
processor, to provide decade ranging in power. The nomi- 
nal output for a full-scale input on each range is approxi- 
mately 3.6 volts peak-to-peak. Separate potentiometers are 
provided for calibration of the instrument on each range. 

3-14. A solid-state demodulator, consisting of switches 
A2U15a and A2U15b, converts the amplified and scaled 
94-Hz square wave signal back to a d.c. voltage. The 
demodulator is driven by a 94-Hz demodulator drive sig- 
nal, which is synchronized with the 94-Hz chopper drive 
signal. A synchronous, sampling-type demodulator circuit 
is used, with the sample being taken at a point well removed 
from the chopper switching points. The demodulator is 
followed by high input impedance buffer A2U19 to reduce 
loading of sampling capacitor A2U24 to negligible propor- 
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tions. Output d.c. is supplied to A/D converter A2U21 in 
the digital section. 

3-15. Chopper and demodulator drive signals are derived 
from the 752-Hz clock supplied from the digital section. 
Flip-Hops A2U 1 8b, A2U 1 8a, A2U 1 7b, and A2U 1 7a divide 
the 752-Hz dock down to 94-Hz, and gates A2U16a, 
A2U16b, and A2U16c shape the 94-Hz demodulator drive 
signal. Figure 3-3 shows the derivation of the chopper and 
demodulator drive signals from the 752-Hz clock signal. 

3-16. DETAILED THEORY OF OPERATION, 
DIGITAL SECTION. 

(See Figure 3-4.) 

3-17. The digital section contains a microcomputer with 
related I/O, timing, and D/Aand A/D converter circuits. 
The microcomputer executes a program resident in memory 
to perform the following functions: 

a. Measure, store, and apply zero corrections for each 
range. 

b. Measure and shape, as necessary, the input signal 
after conversion to digital format. 

c. Check switch closures and execute switch commands. 

d. Convert measured power level to dBm. 

e. Store present dBm level, and apply it as the reference 
level. 

f. Average out noise on low-level signals. 

g. Interpret the position of the CAL FACTOR poten- 
tiometer and correct power and dBm values accordingly. 

h. Range the instrument, 

i. Supply analog information to drive the analog meter. 

j. Supply digital information to drive the digital dis- 
play and annunciators. 

3-18. The microcomputer consists of CPU A2U28, PROM 
A2U29, and RAMs A2U30 and A2U32. CPU A2U29 
retrieves instructions from the program resident in PROM 
A2U29 and executes the instructions. RAMs A2U30 and 
A2U32 are used for temporary storage of variable values. 
Data exchanges between the CPU, memory, and I/O de- 
vices are performed over an 8-bit bidirectional bus. 
Addresses for memory and I/O device exchanges are pro- 
vided by a 12-bit address bus. 



3-19. When the instrument is turned on, CPU A2U28 is 
reset through a network consisting of resistor A2R58, 
capacitor A2C30, and diode A2CR7. RAMs A2U30 and 
A2U32 are cleared during initialization. When capacitor 
A2C30 has charged through resistor A2R58, the CPU 
RESET signal is deactivated, and the CPU begins execu- 
tion of the stored program. The CPU is clocked at 1.7895 
MHz by a clock signal developed by crystal A2Y1, an 
internal clock circuit in A/D converter A2U21, flip-flop 
A2U26a, and gate A2U27a. PROM A2U29 is enabled 
through gate A2U24b by signals MRQ and RD from CPU 
A2U28, and the instruction stored at the location specified 
by the address bits is retrieved and sent to the CPU over the 
data bus. The CPU executes the received instruction. 

3-20. After initialization, the microprocessor first per- 
forms a display check, whereby the LED display digits, the 
minus sign, and all annunciators light for 1 second, blank 
for 0.5 second, and then commence normal indications. 
Data for this display check is supplied over the data bus to 
the display printed-circuit board through programmable 
peripheral interface A2U31. Address bit A2 selects this I/O 
device; address bit AO and A1 select the appropriate portof 
the programmable peripheral interface; and signal WR 
commands a write function. Data from the data bus is 
routed through the addressed ports to the display circuits. 

3-21. After the display check, the microprocessor executes 
a measurement routine repeatedly until the instrument is 
turned off. The steps of the measurement routine are as 
follows: 

a. The microprocessor reads stored front-panel switch 
commands and executes the switch commands. 

b. The microprocessor reads measured data from A/D 
converter A2U21. 

c. The microprocessor checks to see if the instrument is 
in range; if the instrument is overrange or underrange, the 
microprocessor supplies suitable ranging signals to the 
analog section to bring the instrument to the proper range. 

d. The microprocessor corrects received measurement 
data for any zero offset. It calculates power, smooths or 
averages readings as required, reads and applies the manu- 
ally entered CAL FACTOR, calculates dBm, and intro- 
duces the dB reference. 

e. The final results are displayed. 

f. The measurement cycle is repeated. 

3-22. Front-panel switch commands are supplied from the 
display circuits to port PC6 of programmable peripheral 
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interface A2U31. Switch data is transferred from the 
programmable peripheral interface to the data bus under 
control of the CPU. Device and port selection at the pro- 
grammable peripheral interface is accomplished by address 
bits AO through A2 from the CPU; the RD function is 
activated through gate A2U24c by signals RDand IORQ 
from the CPU. 

3 - 23 . Measurement data from the analog section is sup- 
plied to A/D converter A2U21, which is a dual-slope, 
automatic zeroing converter. It converts the applied analog 
measurement data to a 12-bit binary value. An internal 
clock is generated using a 3. 579-MHz crystal oscillator and 
internal frequency dividers. Under control of this clock, 7.5 
conversions per second are performed, thereby providing 
excellent immunity from 60-Hz line components. The A/ D 
converter operates autonomously; it provides a status sig- 
nal that indicates to the CPU when it is performing a 
conversion and when new data is ready. This status signal is 
supplied to the CPU through port PC7 of programmable 
peripheral interface A2U31 and the data bus. Converted 
data is read when signal CE/LOAD is activated through 
gate A2U24a, inverter A2U25b, and gate A2U24c by 
address bit A2 and signals RDand IORQ from the CPU 
and the status bit is low. Since the A/ D converter develops 
a 12-bit output while an 8-bit data bus is used by the 
microprocessor, binary output data is divided into two 
bytes, which are transmitted sequentially over the data bus. 
The low byte output is enabled when address bit AO is low; 
the high byte output is enabled through inverter A2U25a 
when address bit AO is high. 

3 - 24 . Automatic ranging signals are supplied by the micro- 
processor to the analog section through ports PCO through 
PC2 of programmable peripheral interface A2U31. The 
ranging signals control attenuator circuits in the analog 
section that perform required scaling of the input signal. 
Device and port selection for transmission of the automatic 
ranging signals is accomplished by address bits AO through 
A2, and the WR function is activated through gate 
A2U24d by signals IORQ and WR from the CPU. 

3 - 25 . RAMs A2U30 and A2U32 are used for temporary 
storage of variable values. The RAMs are 4-bit memory 
devices; therefore, two are used in parallel to accommodate 
the 8-bit data from the microprocessor. RAM selection and 
control are exercised by the CPU by means of address bit 
A12and signals MRQ, RD, and WR. The RAMs are both 
written to and read. 

3 - 26 . D/A converter A2U33 performs a dual function. 
During one of every five microprocessor interrupt periods, 
it is used with circuits on the display printed-circuit board 
to determine the setting of the front-panel CAL FACT OR 
potentiometer. For this function, digital data from the 



microprocessor is converted to an analog voltage by the 
D/ A converter, and this analog voltage is compared in the 
display circuits with the voltage at the output arm of the 
CAL FACTOR potentiometer. If the two voltages do not 
agree, an error signal is supplied to the microprocessor 
through port PC5 of programmable peripheral interface 
A2U31, and the microprocessor adjusts the digital input to 
D/A converter A2U33. This process continues until the 
error signal is eliminated. The digital signal on the data bus 
is then a function of the voltage from the CAL FACTOR 
potentiometer setting. At all other times, D/ A converter 
A2U33 converts the final digital measurement data from 
the microprocessor to an analog voltage that drives the 
analog meter in the display circuits. Selection of the D/A 
converter is achieved through inverter A2U25b by address 
bit A2 from the CPU; the D/ A converter is enabled through 
gate A2U24d by signals IORQ and WRfrom the CPU. 

3 - 27 . Final digital measurement values are supplied to the 
display circuits through the data bus and programmable 
peripheral interface A2U31 during microprocessor inter- 
rupt periods. Data for one digit of the digital display or for 
the annunciators is routed through port B of the program- 
mable peripheral interface to segment drive lines of the 
display circuits; the digit-select line for that digit or the 
annunciators is activated through one of the A ports of the 
programmable peripheral interface to enable display of the 
segment data by the selected digit or the annunciators. 
Device and port selection is accomplished by means of 
address bits AO through A2, and the WR function is acti- 
vated through gate A2U24d by the CPU. 

3 - 28 . Timing of microprocessor interrupts is controlled by 
a frequency divider chain that converts the 3.579-MHz 
clock signal from A/ D converter A2U2 1 to a 752-Hz inter- 
rupt signal. The counter chain consists of flip-flop A2U26a, 
+5 counter A2U22a, presettable counters A2U20 and 
A2U23, +2 counter A2U22b, and flip-flop A2U26b. Preset- 
table counters A2U20 and A2U23 are hard-wired to pro- 
vide the required frequency division; when counter A2U23 
times out, the hard-wired count is loaded into the counters 
by a load command supplied through gate A2U27b. Signal 
INT to the CPU is terminated when flip-flop A2U26b is 
cleared through gates A2U27c and A2U27d by the CPU. 
The 752-Hz clock signal is also supplied to the analog 
section for use in developing the chopper and demodulator 
drive signals. Each time the CPU receives an interrupt 
signal, it jumps to a special routine which does the following; 

a. Clears the display. 

b. Supplies new data to the display. 

c. Checks and stores switch closures. 

d. Returns to the regular program. 
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3-29. DETAILED THEORY OF OPERATION, 
DISPLAY AND SWITCH CIRCUITS. 

(See Figure 3-5.) 

3-30. The display circuits provide a clear, unambiguous 
readout of measured r.f, power levels by means of a 4-digit, 
LED type digital display with decimal point. Five annun- 
ciators associated with the digital display indicate the units 
of measurement, and a sixth annunciator activates the 
mi nus sign. The display circuits also provide relative-power 
indications for peaking and nulling applications by means 
of an analog meter, and operate with the switch printed- 
circuit board to supply switch-selected commands to the 
digital section. 

3-31. The digital display consists of four 7-segment LED 
digits. Five LED unit annunciators and a sixth LED sign 
annunciator are treated as another digit. Measurement 
data for these digits are generated and stored in the digital 
section during each measurement cycle. At each micropro- 
cessor interrupt period (approximately every 1.33 milli- 
seconds), one of the five digits is updated and turned on. 
The digit sequence is: the annunciator digit, the least signi- 
ficant digit of the digital display, and the remaining digits of 
the digital display, in succession, to the most significant 
digit. Each digit is on for 20 percent of the time, and each 
digit is updated every 6.65 milliseconds. 

3-32. Selection of the digit to be updated is controlled by 
digit-drive signals supplied by the microprocessor through 
programmable peripheral interface A2U31 in the digital 
section. Each digit-drive signal controls a separate digit 
through a digit driver (A3Q3 through A3Q7). Only one 
digit-drive signal is activated during a microprocessor 
interrupt, and the active digit-drive signal enables updating 
of the digit that it controls. Measurement data for that digit 
is supplied, in the form of segment-drive signals, from the 
microprocessor through programmable peripheral inter- 
face A2U3L Segment-drive signals are applied through 
gates A3U2a through A3U2d and A3U3a through A3U3d 
and resistive network A3R15 to the segment inputs of all 
digits in parallel; however, only that digit whose digit-drive 
signal is active at that time will be updated by the segment- 
drive data. 

3-33. Digit-drive signals from digit drivers A3Q3 through 
A3Q7 are also supplied to switch printed-circuit board A5. 
Front-panel switches on the switch printed-circuit board are 
scanned sequentially during successive microprocessor inter- 
rupts. Closure of any switch produces a positive pulse across 
resistor A3R7 when that switch is scanned. The resulting 
pulse is transferred to the microprocessor circuits through 
programmable peripheral interface A2U31 in the display 
section, where it is stored for execution in the main program 



after completion of the interrupt routine. The digit-drive 
signal that is active at the time the switch pulse is activated 
signifies which of the five switches has been pressed. 

3-34. Comparator A3U1 functions with D/A converter 
A2U33 in the digital section to provide selected CAL 
FACTOR potentiometer information to the digital section. 
At the high frequencies (2 GHz to 18 GHz), calibration 
correction factors supplied with each sensor are introduced 
by means of front panel CAL FACTOR potentiometer 
A3R3. During an interrupt period, the output analog vol- 
tage from D/A converter A2U33 in the digital section is 
compared with the voltage supplied from the CAL FAC- 
TOR potentiometer by comparator A3U1. If the two vol- 
tages are not equal, an error signal is supplied from the 
comparator to the microprocessor circuits through pro- 
grammable peripheral interface A2U31 in the digital sec- 
tion, and the microprocessor adjusts the digital input to 
D/ A converter A2U33 until the error signal is eliminated. 
The digital data at the input of the D / A converter then are 
proportional to the setting of the CAL FACTOR potentio- 
meter. This digital value is processed to provide the proper 
correction to measurement values in both the power and 
dB modes of operation. 

3-35. At all other times, D/A converter A2U33 in the 
digital section supplies analog data to the front-panel 
analog meter. The meter circuit is turned off through tran- 
sistors A3Q2 and A3Q1 during those interrupt periods 
when the CAL FACTOR potentiometer setting is being 
determined by the microprocessor. Potentiometer A3R5 
provides a means for adjusting the analog meter. 

3-36. DETAILED THEORY OF OPERATION, 
POWER SUPPLY CIRCUITS. 

(See Figure 3-6.) 

3-37. The power supply circuits provide d.c. operating 
power for all other circuits of the instrument. Regulated 
output voltages of +15 volts, -15 volts, +5 volts, and -5 volts 
are supplied. Line voltages of 100 volts, 120 volts, 220 volts, 
and 240 volts a.c. can be accommodated. The applied a.c. line 
voltage may depart as much as 10 percent from the nominal 
value with no degradation in instrument performance. 

3-38. A.C. power is applied to the primary windings of 
power transformer A1T1 through LINE switch A1S2 and 
line-voltage switch A1S1. The two-section line-voltage 
switch changes transformer primary winding connections 
as required to accommodate the available a.c. line voltage. 
Fuse A 1 FI protects the power supply circuits against over- 
load. The a.c. voltages developed in the secondary windings 
of power transformer A1T1 are applied to three rectifier- 
regulator circuits on main printed-circuit board A2. 
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3-39. The +15 volt and -15 volt supplies are similar. Input 
to each supply consists of 20 volts a.c., supplied by a 
separate secondary winding of power transformer A1 T1 . In 
each supply, the applied a.c. voltage is rectified by a bridge 
rectifier, filtered, and then regulated. Potentiometers A2R6 
and A2R9 provide means for adjusting the output voltages 
of the + 15 volt and -15 volt supplies, respectively. Regulated 
+5 volt and -5 volt operating supplies for the most sensitive 
circuits (the chopper and analog circuits) of the instrument 
derive power from the regulated +15 volt and -15 volt 



supplies using voltage regulators A2U6 and A2U7; these 
supplies are thereby extra-regulated. 

3-40. Regulated +5 volts for the digital and display circuits 
is provided by a separate 5-volt d.c. supply, powered by the 
third secondary winding of power transformer A1T1 . The 
applied a.c. voltage is rectified by bridge rectifier A2CR3 to 
develop 1 1 volts d.c., and this filtered d.c. is converted to +5 
volts by voltage regulator A2U3. 
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SECTIOM IV 
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4-1. GENERAL. 

4-2. This section contains maintenance and calibration 
instructions for the instrument. Included are a list of test 
equipment required for maintenance, symptomatic and 
systematic troubleshooting procedures designed to localize 
a malfunction to an individual subassembly or circuit, and 
adjustment instructions for restoring the instrument to 
proper operating condition after repairs have been 
completed. 

NOTE 

For minimum-performance tests of the instru- 
ment refer to Section II of this manual. 

4-3. TEST EQUIPMENT REQUIRED. 

4-4. Test equipment required for maintenance is listed 
below. Equipment of equivalent characteristics may be 
substituted for any item listed. 

NOTE 

It is recommended that Section III of this 
manual, Theory of Operation, be read for a 
basic understanding of how the instrument 
operates before attempting any maintenance 
procedures. 

a. Digital Multimeter, Data Precision Model 1450 

b. Adjustable Power Source, Boonton Model 25A 

c. Signature Analyzer, Hewlett-Packard Model 5004A 

d. Oscilloscope 

e. Variable-Voltage Transformer, GenRad Variac 
(required for Line-Influence check in Table 4-1). 

f. 30 MHz Power Source, capable of 100 mW output 

NOTE 

A 1-MHz adjustable power source, such as the 
Boonton Model 25A, is sufficient for instru- 
ments equipped with all Boonton sensors ex- 
cept the Model 4210-7E sensor. For this sensor, 
an equivalent 50-MHz source is required. 

4-5. TROUBLESHOOTING CONCEPT. 



4-6. This instrument uses both analog and microprocessor- 
based digital circuity. D.C. and a.c. measuring instruments, 
such as voltmeters and oscilloscopes, have been the tradi- 
tional test instruments for electronic instrument mainte- 
nance. Although these instruments are still required for 
some tests, they are not sufficient for a microprocessor- 
based instrument. A new technique, signature analysis, has 
been devised that offers many advantages over the older 
methods. A complete discussion of signature analysis is 
beyond the scope of this manual; however, a brief descrip- 
tion of the method may be helpful. 

Long and complex data streams are present in micro- 
processor systems. In signature analysis, with the system 
operating at normal speed, these data streams can be com- 
pressed into concise, easy-to-interpret readouts (signa- 
tures) at pertinent circuit nodes by choosing appropriate 
measurement periods or gates. By choosing particular 
nodes and gates, these signatures become unique; one, and 
only one, signature occurs at a given node if operation is 
normal. Signature analysis checks are of two basic types: 
free-running and stimulated. In the case of the 4210, only 
free-running signature analysis is used. 

4-7. PRELIMINARY INSPECTION. 

4-8. Initial Check. If equipment malfunction occurs, some 
attempt should be made to categorize the malfunction. 
Examples are: incorrect indication on the 100 /jl W range; or 
analog meter indicating zero at all times; or display 
blanked, etc. This procedure will frequently isolate the 
problem to a given area, or even to the component level. 

4-9. Visual Check. Disconnect the power cord from the 
instrument and remove the top instrument cover (secured 
with four screws through the bottom cover.) Inspect the 
instrument for signs of damage caused by excessive shock 
or vibration; look for things such as broken leadwires, 
loose hardware, and unseated ICs. Then check for signs of 
overheating, which may be caused by electrical short- 
circuits, faulty components, or accumulation of dirt and 
other foreign matter. Correct any problems discovered 
through the visual check. 

4-10. Display Check. Each time the instrument is turned 
on, the following occurs: all digit segments, decimal points, 
the minus sign, and all LED annunciators light for approxi- 
mately 1 second, blank for approximately 0.5 second, and 
then commence normal indications. 

If the above sequence occurs, it indicates that all display 
components are capable of being turned on and off; that in 
all probability the display section of the instrument is nor- 
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mal, and, at least, that part of the operating program is 
being executed correctly. Correct any problems discovered 
through the display check. If trouble persists, proceed with 
the electrical checks. 

4-11. Power-Supply Check. Improper operation of the 
instrument may be caused by incorrect d.c. operating vol- 
tages. Before proceeding with any other electrical checks, 
perform the power-supply checks in accordance with Table 
4-1 . The location of all internal instrument adjustments and 
test points are shown in Figure 4-1 and the printed-circuit 
board layouts appear on the aprons of the schematic 
diagrams. 

WARNING 

Voltages up to 240 volts a.c. may be encoun- 
tered in the power-supply circuits. To protect 
against electrical shock, observe suitable pre- 
cautions when connecting and disconnecting 
test equipment, and when making voltage 
measurements. 

If any voltage appears to be incorrect, or unadjustable, 
check that portion of the circuit for defective components. 
An abnormal load, of course, can lead to an abnormal 
voltage. All IC’s are socketed, making their replacement 
simple. Correct any abnormal supply voltage before pro- 
ceeding with any further troubleshooting procedures. 



TABLE 4-1 POWER SUPPLY CHECK 



Test Point 


Normal 

Voltage 


Adjust- 

ment 


Line Influ- 
ence, ±10% 


TP25 


4.8 to 5.2V 


— 


<±0.1 V 


26 


15 ±0.1 V 


A2R6 


<±0.01 V 


27 


-15 ±0.1 V 


A2R9 


<±0.01 V 


28 


4.75 to 5.25 V 


— 


0 V 


29 


-4.75 to -5.25 V 


— 


0 V 



4-12. Analog-Section Checks. To check the analog section 
of the instrument, proceed as follows: 

a. Connect the proper sensor to the instrument and turn 
the instrument on. 

b. Connect the sensor to the adjustable power source, 
Model 25A, and turn it on. 

c. Set the adjustable power source to an output of 
1 mW. 

d. Connect an oscilloscope, in turn, to the test points A 
through T of the divider chain and check the resulting 
waveforms against those shown on the schematic diagrams. 
Note that the test points are arranged in descending fre- 
quency (A = 3.5795 MHz, T = 94 Hz). The first departure, if 



any, from the correct waveform will point to the IC imme- 
diately before the test point as the most probable cause for 
malfunction. All IC’s are socketed, making their replace- 
ment easy. If all the waveforms appear correct, proceed to 
step (e). 

e. Connect an oscilloscope, in turn, to the test points 1 
through 23 and check the waveforms against those shown 
on the schematic diagrams. Again, at the first departure 
from a normal waveform, the IC’s and components most 
intimately associated with that test point should be investi- 
gated as the probable source of the malfunction. 

4-13. Signature-Analysis Checks. To check the digital 
section of the instrument using signature analysis, proceed 
as follows: 

a. Disconnect the a.c. power cord to the instrument and 
remove the Z80 microprocessor, V28. Connect the micro- 
processor to the signature-analysis adapter (Boonton 
P/N950028), and connect the adapter to the microproces- 
sor socket in the instrument. 

b. Turn the instrument on. The adapter disconnects the 
Z80 data lines from the instrument and forces an NOP 
operation on the Z80. The microprocessor will now run 
through its address field and repeat continuously. 

c. Connect the signature analyzer, in turn, to each of the 
nodes shown in Tables 4-2 through 4-9. Any signature 
which does not agree with that shown in the tables indicates 
a problem with the IC’s or components tied to that node. 

4-14. ADJUSTMENT PROCEDURES. 

4-15. General. Paragraphs 4-16 through 4-20 provide 
instructions for all adjustments required. Adjustment is not 
a substitute for troubleshooting. Make certain that all other 
possible causes of instrument malfunction have been elimi- 
nated before undertaking adjustment. See Figure 4-1 and 
the printed-circuit board layouts on the aprons of the 
schematic diagrams for the location of adjustment controls. 

4-16. Power-Supply Adjustments. To adjust the power 
supply, perform the steps shown in Table 4-10. 

4-17. Chopper Adjustments. These adjustments require 
that the instrument and sensor be turned on, and that they 
be in an ambient temperature of 21°C (70° F) to 25° C 
(77° F) for not less than one hour. To adjust the chopper, 
proceed as follows: 

a. Connect the sensor to the adjustable power source 
(Model 25A) and set the source to ZERO. 
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CHOPPER' 
P.C. BD. 




^A2R9 

®TP27 

A2R27. 

A2R28- 

TP 28 ^ 



A2R30 |0 



TP25 

. • ® T P3 

TP26 

A2R29 

^"0 / [ 0 ] A2R55 

\®/ HI A2R34 
®. _0 A2R35 

[ 0 ] A2 R 36 

® T P 29 

A 4 R4 y 



L@J MA3R2 
-A3R5 F 



MAIN P. C. BD. 
(A2 ) 



DISPLAY PC. BD. 
(A3) 



CAL FACTOR 



REF. SYMBOL 



r. f. INPUT 



A 2 R6 


— 


A2 R9 


— 


A4 R4 


0 


A 4 R5 


0 


A3 R3 


— 


A2 R30 


(lOOnW) lOnW 


A2 R 29 


( 1 /*W) 100 nW 


A2 R 28 


(lO^W) 1 (iW 


A2 R27 


(lOO^W) io^w 


A2 R36 


( 1 mW) 100 ^.W 


A2 R 35 


(lOmW) 1 mW 


A2 R34 


(100 mW) 10 mW 


A2 R55 


— 


A3 R2 


{ 10 mW ) 1 mW 


A3 R 5 


1 mW 



ADJUST 

+ 15.00 ± .02 Vdc AT TP 26 
- 15.00 ± .02 Vdc AT TP 27 
0.00 INDICATION ( 1 > 

0.00 |ND I CATION {l } 

CAL FACTOR ; OdB 
(JOO.OnW) 10.00 nW INDICATION 
(LOOO/iW) 100.0 nW INDICATION 
(lO.OO^W) 1.000 ^.W INDICATION 
(100.0 /^W) IQ.OO^W INDICATION 
(I.OOOmW) 100.0 INDICATION 
(lO.OOmW) I.OOOmW INDICATION 
(lOO.OmW) 1 0.00 m W INDICATION 
ANALOG/DIGITAL CONVERTER SENSITIVITY^) 
CAL FACTOR Linearity 

Analog Meter; 85% f.s. 



(1) BALANCED CIRCUIT, ADJUST EACH POT ABOUT ONE HALF TOTAL. 

(2) ADJUST IF OTHER RANGES WILL NOT CALIBRATE. 

NUMBERS IN PARENTHESIS APPLY TO 4200-5 SERIES. 



Figure 4-1. Parts Location 
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TABLE 4-2. SIGNATURE ANALYSIS TEST - CPU ADDRESS FIELD 



SA 


ACTIVE POINT 




SA PROBE 




SIGNATURE 


START 


TP 7 


U28 


Z80 


PIN 11 


+ 5 V 


0000 


STOP 


TP 7 


U28 


Z80 


PIN 29 


COM 


755U 


CLK 


TP 8 


U28 


Z80 


PIN 30 


Ao 


H335 






U28 


Z80 


PIN 31 


Al 


CI 13 






U28 


Z80 


PIN 32 


A2 


7050 






U28 


Z80 


PIN 33 


A3 


0772 






U28 


Z80 


PIN 34 


A 4 


C4C3 






U28 


Z80 


PIN 35 


A5 


AA08 






U28 


Z80 


PIN 36 


A6 


7211 






U28 


Z80 


PIN 37 


Aj 


A3C1 






U28 


Z80 


PIN 38 


A8 


7707 






U28 


Z80 


PIN 39 


A9 


511 A 






U28 


Z80 


PIN 40 


AlO 


HH 86 






U28 


Z80 


PIN 1 


All 


89F1 






U28 


Z80 


PIN 2 


Al2 


AC99 






U28 


Z80 


PIN 3 


Aj 3 


PCF3 






U28 


Z80 


PIN 4 


a 14 


1180 






U28 


Z80 


PIN 5 


Al5 


755U 




TABLE 4-3. SIGNATURE ANALYSIS TEST - PROM 
JOAa 4210-4 SERIES SENSOR 


CONTENT 




SA 


ACTIVE POINT 




SA PROBE 




SIGNATURE 


START 


TP 9 


U29 


2732 


PIN 24 


+ 5 V 


826P 


STOP 


TP 9 


U29 


2732 


PIN 12 


COM 


0000 


CLK 


TP 8 


U29 


2732 


PIN 9 


D 0 


6243 






U29 


2732 


PIN 10 


Dl 


H952 






U29 


2732 


PIN 11 


d 2 


PH2H 






U29 


2732 


PIN 13 


d 3 


7493 






U29 


2732 


PIN 14 


d 4 


3361 






U29 


2732 


PIN 15 


d 5 


AU 6 P 






U29 


2732 


PIN 16 


d 6 


82C7 






U29 


2732 


PIN 17 


d 7 


CA4P 
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TABLE 4-4. SIGNATURE ANALYSIS TEST - PROM CONTENT 
JOBa 4210-5 SERIES SENSOR 



SA 


ACTIVE 


POINT 




SA PROBE 




SIGNATURE 


START 




TP 9 


U29 


2732 


PIN 24 


+5 V 


826P 


STOP 




TP 9 


U29 


2732 


PIN 12 


COM 


0000 


CLK 




TP 8 


U29 


2732 


PIN 9 


D 0 


14F3 








U29 


2732 


PIN 10 


D 1 


UP59 








U29 


2732 


PIN 11 


d 2 


2CF3 








U29 


2732 


PIN 13 


d 3 


C1F0 








U29 


2732 


PIN 14 


d 4 


7964 








U29 


2732 


PIN 15 


D 5 


H6U3 








U29 


2732 


PIN 16 


D 6 


82C7 








U29 


2732 


PIN 17 


d 7 


CA4P 



TABLE 4-5. SIGNATURE ANALYSIS TEST - PROM CONTENT 
JOCa 4210-7E SERIES SENSOR 



SA 


ACTIVE 


POINT 




SA PROBE 




SIGNATURE 


START 




TP 9 


U29 


2732 


PIN 24 


+5 V 


826P 


STOP 




TP 9 


U29 


2732 


PIN 12 


COM 


0000 


CLK 




TP 8 


U29 


2732 


PIN 9 


D 0 


AFC2 








U29 


2732 


PIN 10 


Dj 


1A6C 








U29 


2732 


PIN 11 


d 2 


C831 








U29 


2732 


PIN 13 


d 3 


1876 








U29 


2732 


PIN 14 


d 4 


7896 








U29 


2732 


PIN 15 


D 5 


65P2 








U29 


2732 


PIN 16 


d 6 


9618 








U29 


2732 


PIN 17 


d 7 


1C2U 




TABLE 4-6. 


SIGNATURE ANALYSIS 


TEST 


-RAM ADDRESS LINES 


SA 


ACTIVE 


POINT 




SA PROBE 




SIGNATURE 


START 




TP 7 


U30 


2111 


PIN 18 


+5 V 


755U 


STOP 




TP 7 


U32 




PIN 8 


COM 


0000 


CLK 




TP 8 






PIN 1 


a 3 


A3C1 












PIN 2 


A 2 


AA08 












PIN 3 


Al 


C4C3 












PIN 4 


A o 


0772 












PIN 5 


A 5 


7050 












PIN 6 


a 6 


Cl 13 












PIN 7 


a 7 


H335 












PIN 15 


CE1 


HPF6 












PIN 17 


A 4 


7211 
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TABLE 4-7. SIGNATURE ANALYSIS TEST - INVERTER 



SA 


ACTIVE 


POINT 




SA PROBE 




SIGNATURE 


START 




TP 7 


U25 


74L504 


PIN 14 


+5 V 


755 U 


STOP 




TP 7 


U25 


74L504 


PIN 7 


COM 


0000 


CLK 




TP 8 


U25 


74L504 


PIN 1 




755 U 








U25 


74L504 


PIN 2 




0000 








U25 


74L504 


PIN 3 




755U 








U25 


74L504 


PIN 4 




0000 








U25 


74L504 


PIN 5 




0000 








U25 


74L504 


PIN 6 




0000 








U25 


74L504 


PIN 8 




A66A 








U25 


74L504 


PIN 9 




H335 








U25 


74L504 


PIN 10 




050U 








U25 


74L504 


PIN 11 




7050 








U25 


74L504 


PIN 12 




HPF6 








U25 


74L504 


PIN 13 




AC99 



TABLE 4-8. SIGNATURE ANALYSIS TEST - GATE CHECK 



SA 


ACTIVE 


POINT 




SA PROBE 




SIGNATURE 


START 




TP 7 


U27 


74L502 


PIN 14 


+5 V 


755U 


STOP 




TP 7 


U27 


74L502 


PIN 7 


COM 


0000 


CLK 




TP 8 


U27 


74L502 


PIN 1 




0000 








U27 


74L502 


PIN 2 




755U or 0000 








U27 


74L502 


PIN 3 




755U 








U27 


74L502 


PIN 4 




755U 








U27 


74L502 


PIN 5 




050U 








U27 


74L502 


PIN 6 




755U 








U27 


74L502 


PIN 8 




755U 








U27 


74L502 


PIN 9 




755U 








U27 


74L502 


PIN 10 




755U 








U27 


74L502 


PIN 11 




755U 








U27 


74L502 


PIN 12 




755U 








U27 


74L502 


PIN 13 




755U or 0000 
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TABLE 4-9. SIGNATURE ANALYSIS 


TEST -A/D CONVERTER 




SA 


ACTIVE POINT 


SA PROBE 


SIGNATURE 


START 


TP 7 


U21 7109 


PIN 40 


+ 5 V 


755U 


STOP 


TP 7 




PIN 1, 
21, 24 


COM 


0000 


CLK 


TP 9 




PIN 18 




H335 








PIN 19 




A66A 








PIN 26 




755U 




TABLE 4-10. 


POWER SUPPLY ADJUSTMENTS 






TEST POINT 


ADJUST 




VALUE 






TP 26 


A2R6 




15 ±0.1V 






TP 27 


A2R9 




-15 ±0.1V 





b. Set the two chopper adjustments, A4R4 and A4R5, 
to their physical midpoints. 

c. Connect the digital multimeter to TP3 and note the 
indication. 

d. Adjust A4R4 to decrease the indication to one-half of 
that in step (c). 

e. Adjust A4R5 to bring the indication to zero. There 
will be some fluctuation of the indication, and mental 
averaging will be required. 

4-18. Range Adjustments. To adjust the power ranges of 
the instrument, proceed as follows: 

a. Using the digital multimeter, check the voltage across 
the CAL FACTOR control, A3R3. It should be 10.0 volts. 
If it is not, adjust A3R2 for an indication of 10.0 volts. 

b. Check the voltage at the slider of the CAL FACTOR 
control, A3R3. It should be approximately 5 volts. If it is 
not, check the position of the knob on the shaft and reset 
the knob, if necessary, so that the knob indicates 0 when the 
voltage at the slider is 5 volts. 

c. Set A2R55 to its physical mid-position. 

d. Set the adjustable power source (Model 25 A) to 
ZERO. Press the ZERO key of the instrument and note the 
indication. A good zero is indicated when the positive and 
negative excursions are equal, and the minus sign flashes on 
and off. Repeat the zero procedure, if necessary, to obtain a 
good zero. 

e. Release the ZERO key of the adjustable power 
source and set the output, in turn, to each of the levels 
shown in Table 4-9. On the most-sensitive ranges of the 
instrument there will be some fluctuation of indications, 



and mental averaging will be required. If it is impossible to 
adjust any range, or if any adjustment control is near to its 
end-stop, readjust A2R55 and repeat the range adjustments 
of Table 4-11. 



TABLE 4-11. RANGE ADJUSTMENTS 



Input 
(See Note) 


Adjustment with Sensor 


4210 

Indication 


4210-4 


4210-5 


4210-7E 


4210-8E 


10 nW 


A1R30 








10.00 nW 


100 nW 


R29 


A1R30 






100.0 nW 


1 


R28 


R29 






1.000 


10 /iW 


R27 


R28 


A1R30 




10.00 


100 AiW 


R36 


R27 


R29 


A1R30 


100.0 /iW 


1 mW 


R35 


R36 


R28 


R29 


1.000 mW 


10 mW 


R39 


R35 


R27 


R28 


10.0 mW 


100 mW 




R34 




R27 


100 mW 



NOTE: Range adjustments for the 4210-8E, and for the 
42 10-7 E as well, should be made at 30 MHz — 
which is not possible using the Model 25A. For 
these two sensors, substitute a 30 MHz power 
source (30-50 MHz is acceptable), with an output 
of at least 100 mW. 

4-19. Analog-Meter Adjustments. To adjust the analog 
meter of the instrument, proceed as follows: 

a. With no a.c. power applied to the instrument, check 
the zero indication of the analog meter. Adjust it to zero, if 
necessary, by means of the meter screw located behind the 
front-panel access hole below the meter window. 

b. With the instrument turned on and an output level 
of 1.0 mW from the adjustable power source, note the 
indication of the analog meter. The indication should be 
approximately 85% of full scale (i.e., in the Power Mode 
only); if it is not, adjust A3R5 for this indication. 
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4-20. CAL FACTOR Adjustment. Because the adjust- 
ment of the CAL FACTOR control affects range accuracy, 
this adjustment was previously covered in paragraphs 
4-1 8(a) and 4- 18(b). 

4-21. DETERMINATION OF CALIBRATION 
FACTORS AND EFFECTIVE 
EFFICIENCY. 

4-22. General. The high-frequency calibration factors are 
provided on a chart on the barrel of the sensor. It is not 
normally necessary to compute new calibration factors 
unless the sensor is repaired or the data are suspect. 

4-23. Standard Calibration Factor Computation Method. 

a. Connect the test equipment as shown in detail A, 
Figure 4-2. 

b. Adjust the signal generator to the desired test fre- 
quency, and adjust its output level to a level sufficient to 
provide a stable indication on the monitor meter. 

c. Adjust the double-stub tuner as required to obtain a 
peak indication on the monitor meter. 

d. Connect the equipment as shown in detail B, Figure 
4-2. 

e. At the same test frequency as used in step b, adjust the 
signal generator output level to provide a convenient indi- 
cation on the standard power meter. Record the indicated 
power on the monitor meter, and the power indication (P s ) 
on the standard power meter. 

f. Connect the equipment as shown in detail C, Figure 
4-2. 

g. At the same test frequency as used in steps b and e, 
adjust the signal generator output level as required to 
obtain the same power indication on the monitor meter as 
recorded in step e. Record the indicated power (P) on the 
Model 4210 that is being calibrated. 

h. Compute the calibration factor for the test frequency 
from the relationship: 

indicated power (1 - e)P 

k = = k s 

incident power (1 - e s )P s 

Where; 

k s = calibration factor of standard power meter 
e s = instrumentation error of standard power meter for 
range used 

P s = indicated power on standard power meter 
e = instrumentation error of Model 4210 for range used 
P = indicated power on Model 4210 



NOTE 

It is important that the instrumentation error 
(e s ) of the standard power meter be known. 

This error can be determined by methods 
described by the manufacturer. In most cases, 
the uncertainty of the instrumentation error 
can be reduced by operating at higher power 
levels. 

i. Repeat steps a through h for each of the other test 
frequencies of interest. 

4-24. Measurement of Effective Efficiency. 

a. Connect the equipment as shown in Figure 4-3. 

b. Set the signal generator to the test frequency of 
interest and adjust its output level as required to provide a 
convenient indication on the Model 4210 that is to be 
calibrated and a sufficient indication of reflected power on 
the monitor meter. 

c. Record the incident and reflected power indications 
on the two monitor instruments as value Pi and P r , respec- 
tively. When recording these values, correct the indicated 
values to acount for the two 6-dB attenuators. 

d. Calculate the square of reflection coefficient |p g | 2 of 
the Model 4210 being calibrated from the relationship: 

|pcl 2 = Pr/Pi 

e. Calculate the effective efficiency from the relationship: 



k indicated power 

7 ] = = 

l-lp^l 2 dissipated power 

Where: k = calibration factor determined in para- 
graph 4-23. 

4-25. Improved Calibration Factor Accuracy. The deri- 
vations for the equations relating to diode-type sensors 
are based on the premise that the full-wave rectifying 
circuit in the sensor is responsive to the total input voltage 
that appears across the internal impedance of the sensor. 
The extent that it fails to do so is accounted for in the 
calibration factor. The calibration factor for a power 
sensor should be determined using as nearly perfect a 
power source as possible, that is, one that generates a pure 
sine wave behind an impedance of Z 0 , where Z 0 is resis- 
tive and equal to the characteristic impedance of the 
measurement system (generally 50 ohms). With the use of 
leveling, the source impedance can be brought sufficiently 
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close to the ideal to hold the degree of measurement 
uncertainty within acceptable limits. This uncertainty 
contributes, in part, to the specified accuracy of the 
Model 4210. 

4-26. The accuracy of the calibration factor and effective 
efficiency can be improved if the complex reflection coef- 
ficients of the source and the power sensors are known. 
The values of indicated power for both the standard 
power meter and the Model 4210 to be calibrated are 
obtained with measurements described in paragraph 
4-23. 



having a reflection coefficient of pg . This power is related to 
the actual power dissipated in the standard sensor by: 

J 2 



-p g p s 



ds 



(i -lp s l 2 ) 



( 3 ) 



Rearranging equation (2) to solve for k, and substituting 
for P m with (1), yields: 

k = m (P/P 0 ) (4) 



4-29. Typical Example. 



a. Using source number 1 of Figure 4-4, the following 
measurements obtain for the two power sensors shown: 



4-27. Terms used in the following calculations are defined 
as follows: 



Z = R + j0 ohms 

p g = complex reflection coefficient of source 

p s = complex reflection coefficient of standard sensor 

pg = complex reflection coefficient of test sensor 

P g = indicated power on standard power meter 

P ds = power dissipated in standard sensor 

P d = power dissipated in test sensor 

P. = incident power (from Z q source) 

P q = power dissipated in a sensor of Z q ohms 
P = indicated power on meter to be calibrated 
e = instrument error factor of standard meter 

s 

e = instrument error factor of test meter 
k g = calibration factor of standard sensor 
k = calibration factor of test sensor 
P s = effective efficiency of standard sensor 
77 = effective efficiency of test sensor 



4-28. If we let m equal the ratio of power dissipated in a 
sensor of Z 0 ohms to the power measured with a diode-type 
power sensor, when each is connected, in turn, to a source 
with a reflection coefficient pg, it can be shown that: 

= 0+pgPc 2 -pgpg-pp) 2 



m = P /P 

1 n 



By definition, 
k 



0 -p/ 



(i) 



indicated power 

P/P. = = calibration factor 

1 incident power 



This relationship is correct provided that measurements are 
made with a Z 0 source. The power obtained by dividing the 
indicated power by the calibration factor, when the Model 
4210 is connected to an imperfect source, should be referred 
to as measured power P m , where: 

Pm = P/k ( 2 ) 

Also, by definition: 

indicated power 

7} = P/P H = ^ 7 — — — = effective efficiency 



dissipated power 



k /77 = P ,/P. = 



dissipated power 



- (I ~ IP# I 2 ) 



incident power 
P G is designated as the power that would be dissipated in a 
sensor of Z Q ohms if it were connected to a power source 



1. Standard Power Sensor. 

? s = indicated power = 49 pW 

P. = incident power = 50 pW 

P ds = dissipated power = P. (1 - |p | 2 ) 

= 50 pW X 0.99 
= 49.5 pW 
From this, 

k = 49 pW/50 pW = 0.98 

and, 

p = 49 pW/49.5 pW = 0.99 

2. Diode-Type Power Sensor. 

P = indicated power = 48 W 
P. = incident power = 50 W 

P d = dissipated power = P (1 - |pg | 2 ) 

= 50 pWX 0.974 
= 48.7 pW 

k = 48 pW/50 pW = 0.96 
r? = 48 pW/48.7 pW = 0.986 



b. Using source number 2 of Figure 4-4, the following 
measurements obtain for the two power sensors shown: 

1. Standard Power Sensor. 

P s =55.9 pW 

P * = P In 

S = 55.9 pW/0.99 
= 56.5 pW 

2. Diode-Type Power Sensor. 

P = 55.6 pW 

c. Assuming for convenience that the instrument errors 
are zero, the calibration factor of the test instrument would 
be computed from paragraph 4-23 to be: 

k = 0.98(55.6 pW/55.9 pW) = 0.975 
This is 1.6% higher than the actual value of k. When the 
complex reflection coefficients are known, however, using 
equations (1), (3), and (4), we find: 



m = [1 +( 0.106 1 122 °) ( 0.16 l - 96°) 2 - 
( 0.106 Ll 22 °) ( 0.16 I - 96 0- ) - ( 0.16 I - 9 6 ° ) I 2 / 

(1 - 0.16 b 96 0 ) 2 (1) 



m = 0.97 



P Q = 56.5 m W 



|1 -( 0.106 1 122 ?) ( 0-099 1 - 78 . 6 ° | 2 
(1 - 0 . 099 2 ) 



( 3 ) 
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P = 56.5 X 0.9946 

O 

P = 56.2 juW 

O 

From this, 

55.6 ,.v 

k = 0.97 = 0.96 (4) 

56.2 

This is the correct calibration factor determined in step a. 2 
usin£ an ideal 50-ohm source. 

4-30. HIGH FREQUENCY ACCURACY. 

4-31. General. Power measurements, particularly at high 
frequencies, are fraught with a number of uncertainties. 
These include: what power is measured, what power it is 
desired to measure, and how the indicated power is con- 
verted to the needed power. If all power sources and power 
meters had impedances that were resistive and equal to Z 0 
(the characteristic impedance of the measuring system), 
most problems would disappear. The incident, dissipated, 
and maximum available powers would all be equal, and the 
indicated power would differ only by the inefficiency of the 
power sensor in converting all of the dissipated power to 
indicated power. This inefficiency is called the effective 
efficiency and, for a power sensor whose input impedance is 
resistive and equal to Z 0 , it also defines the calibration 
factor. Unfortunately, perfect impedances are seldom the 
case and the source impedance of power sources can depart 
substantially from Z 0 . The use of attenuator pads can mask 
this departure, as can the use of a directional coupler to 
level the source and reduce its reflection coefficient to a 
value equal to the directivity factor of the coupler. No such 
control over the input impedance of a power sensor is 
possible without the use of attenuator pads which sacrifice 
sensitivity and introduce other uncertainties. 

4-32. Mismatch Error Correction Using Complex Reflec- 
tion Coefficients. When the complex reflection coefficients 
of both an imperfect source and the power detector are 
known, a correction factor can be calculated and applied to 
the measured power, P m , to obtain the power that would 
be dissipated in an ideal power sensor of impedance Z 0 . 
The correction factor, m, equals: 

m= — = 1 + PgPe 2 -PgPt-Pi ( 1 ) 

’ P m " 1- P,- 2 

p. 

P m — md = measured power 
K 

where Pd = dissipated power 

Pind = indicated power 
K = calibration factor 
p g = complex reflection coefficient 
of the power source 
Pi- complex reflection coefficient 
of the power detector 



The maximum power available from this source is: 




4-33. Assume that the complex reflection coefficients are 
known to be Pg = 0.0909 1 20° and Pg = 0. 1 1 1 1 -35° . The 
calibration factor for this power meter at the operating 
frequency is 1.138 (as determined from the incident power 
of a 50-ohm source). When the power meter and source are 
connected, the indicated power is 55.2 juW. Applying the 
calibration factor, P m = 55.2/ 1.138 = 48.5 juW. The correc- 
tion factor calculated from equation (1) for the reflection 
coefficients given is 0.99; thus the power that would be 
dissipated in an ideal power meter would be 0.99 X 48.5 
/iW, or 48.0 juW. The maximum available power from this 
source, from equation (2), is 48.0/ [ 1 -|0.0909| 2 ] = 48.4/p W. 

4-34. Mismatch Uncertainties Where Only S WR Is Known. 

When the complex coefficients of both an imperfect source 
and a power sensor are not known, and only the maximum 
or actual SWR of both are known, the maximum positive 
and negative uncertainties of the measured power, P m , can 
be determined from Figure 4-5. In the example above, the 
SWR of the source is known to be 1.2 and the SWR of the 
power sensor is 1 .25. From Figure 4-5, the power measured 
by an ideal power meter connected to the same source may 
differ by +2% from the power measured by the imperfect 
meter, from 47.5 pW to 49.5 pW. The maximum power 
available from this source is: 

P a = lZA = 47.9yuWto ^-=49.9yuW. 

0.99 0.99 

4-35. Where Neither Reflection Coefficients Nor SWR 
Are Known. When neither the complex reflection coeffi- 
cients nor SWR of both an imperfect source and a power 
sensor are known, the measured power cannot be defined 
as anything except the indicated power. If, however, the 
power source impedance is Z 0 , the calibration factor can be 
applied to yield the incident power. In the case of series 
4210 power sensors, the calibration factor versus input 
frequency in GHz is shown on a decal on the power sensor. 

4-36. POWER SENSOR REPAIR 

4-37. Repair and adjustment of a Power Sensor is a diffi- 
cult operation requiring a high degree of skill. If the user 
elects to make such a repair, it must be understood that the 
repaired Sensor may not meet the swr and response charac- 
teristics as specified in this manual. 

4-38. Before attempting a repair of the Power Sensor 
check all possible sources of trouble, such as the instrument 
itself, the probe cable, connectors, the RF power source, 
etc. If the defect cannot be located, and the symptoms 
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Figure 4-3. Effective Efficiency Measurement, Test Setup 




Figure 4-4. Source and Sensor Examples for Calibration Factor Measurements 
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Figure 4-5. Mismatch Uncertainties Chart 



4-13 



MAXIMUM NEGATIVE UNCERTAINTY, 




Section IV 
Maintenance 



indicate a faulty Power Sensor, make the external resist- 
ance measurements outlined below to localize the trouble 
before opening the Sensor housing. (A Simpson Model 260 
is recommended for most of these measurements.) 

a. Measure the resistance of the RF input connector 
from the center conductor to ground shell. This should be 
50, ±1 fl. (For this measurement, a more accurate instru- 
ment than the Model 260 should be used.) 

b. Inspect the rear connector for possible damage. Mea- 
sure the resistance from pins 1 and 2 to ground. This should 
measure >10 MCI. 

c. With the Model 260 on the 10 kfl range, measure the 
resistance from pin 1 (negative lead of the 260) to pin 2 
(positive lead). This should be less than 3 kfl. 

d. With the Model 260 on the 1 0 kfl range, measure the 
resistance from pin 1 (positive lead of the 260) to pin 2 
(negative lead). This should be greater than 400 kfl. 

e. Remove the three 2-56 screws holding the outer 
shield. Slide the shield forward over the RF input 
connector. 

f. Look for broken wires at this point. If any are found, 
repair them and retest the unit before proceeding. 

g. The rear connector may be replaced, if necessary, by 
removing the set-screw at the side of the rear disc (the red 
mark on the side of the housing polarizes pin 1). 

h. Remove the four 2-56 screws holding the inner shield. 
Slide the shield backwards from the main housing. Un- 
solder the wires at the Teflon™ terminals, if necessary. 

If the Power Sensor failed the insulation test in (b), look f or 
a short to ground from the 1000 pF capacitors Cl 02 and 
Cl 03, or an internal short in one of the capacitors. These 
capacitors may be removed by taking out the two 0-80 
screws on the side of the bracket. Tilt the housing to the side 
so the bracket will fall away when a soldering iron is 
touched to the joint. The capacitor may then easily be 
replaced remote from the housing. Screw the bracket to the 
housing before soldering. 

CAUTION: 

Always ground the soldering iron tip when sol- 
dering the probe housing to avoid damaging 
the diodes. 

If the Power Sensor failed the tests of (c) or(d), measure the 
resistance of the diodes CR101 and CR 102 with the Model 
260 on the 10 kfl range. The forward resistance of each 
diode should measure about 500 ohms, and the backward 
resistance should be greater than 50 kfl. If the back resist- 
ance of a diode measures appreciably less than 50 kfl, 
replace it, using the following technique: 



NOTE 

Before attempting to replace the diode network 
in either the -4E or the -5E, Cl 02 and Cl 03 
must be removed as described above. 

i. While grasping the diode with tweezers, and applying 
a light upward pull, touch the center post with a small, 
high-temperature iron. The diode will lift when the solder 
melts. Now unsolder the far end of the series resistor and 
lift out the diode-resistor combination (^1A, -4B, -5B, and 
-4C only). 

j. At this point, test the terminating resistors as in (a). If 
R101 or R 102 tests faulty, replace it as follows: 

Remove the four 2-56 screws that hold the 100 O resistors 
in place. Unsolder from the center post by pulling the 
resistor from the rear while heating the center post. (Over- 
heating can cause distortion of the Teflon™ spacer support- 
ing the center conductor.) Replace the new resistor in the 
reverse order. 

k. Replace the diode/resistor networks by soldering the 
resistor ends first, and then touching the center post as 
quickly as possible with the iron to solder the diode lead. 

4 - 39 . After any critical parts (diodes or terminating resis- 
tors) have been replaced, it will be necessary to check the 
input swr and calibration factor over the frequency range. 
A swept reflectometer system is recommended for these 
tests because of the interaction of the adjustments. 

CLAMPS: Located on top of the housing and used to 

vary lead lengths of R10 1 and R102. Adjust 
for minimum swr and optimum flatness 
across the band. 

ANGLE: The diodes are normally mounted parallel 

to the bottom of the channels on top of the 
housing. Lowering the diodes will improve 
swr between 8-12 GHz. 

TAPE: A small strip of copper tape on the diode 

body will improve rectification efficiency at 
18 GHz. Secure with Q MAX or other var- 
nish with a low dielectric constant. 

4 - 40 . Calibrate calibration factor using good microwave 
techniques such as those found in Paragraph 4-21 of the 
instruction manual. 

4 - 41 . After repair, if proper adjustment of the Power Sen- 
sor is found difficult, return it to the factory. In a covering 
letter, be sure to include details of all work performed on 
the Sensor and parts replaced. This information will help 
our Service Department to return the Sensor to you in the 
shortest possible time. 
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SECTION V 
PARTS LIST 

5-1. Introduction. Mfr’s Part No., and the BEC Part No. Table 5-1. Manu- 

Table 5-2. Replaceable Parts, list all the replaceable parts facturer’s Federal Supply Code Numbers, list the manu- 
and includes; the reference symbol, description, Mfr., facturer’s federal supply numbers. 

TABLE 5-1. Manufacturer’s Federal Supply Code Numbers. 



NUMBER 


NAME 


NUMBER 


NAME 


01121 


Allen Bradley 


31313 


Components Corp. 


01139 


General Electric 


31918 


ITT Schadow, Inc. 


01295 


Texas Instruments 


32293 


Intersil, Inc. 


02735 


RCA Solid State Division 


32575 


AMP 


04222 


AVX Ceramics Company 


34335 


Advanced Micro Devices 


04713 


Motorola Semiconductor 


34649 


Intel Corp. 


04901 


Boonton Electronics 


51640 


Analog Devices, Inc. 


06383 


Panduit Corp. 


54426 


Buss Fuses 


06776 


Robinson Nugent, Inc. 


56289 


Sprague Electric Company 


07263 


Fairchild Semiconductor 


56708 


Zilog, Inc. 


13812 


Dialco Div. of Amperex 


57582 


Kahgan Electronics Corp. iv. 


16482 


Belden 


73138 


Beckman Instr., Helipot D 


17801 


Panel Corp. (Schurter) 


91506 


Augat 


19701 


Mepco Electra 


95402 


Electro Dynamics 


20307 


Arco - Micronics 


98291 


Seale ctro Corp. 


27264 


Molex, Inc. 


99942 


Centralab 


27735 

28480 


F-Dyne Electronics 
Hewlett-Packard Corp. 


S4217 


United Chemicon, Inc. 



Replaceable Parts List 
Reference 

Symbol Description 


5-2. 

for PWA Main Final 


Replacement Parts 

PL 0422M2-00C 
Mf r . Mfr’s Part No. 


BEC Part 


Cl 


Capacl tor EL 


2200 pF -10%/ +50% 


35V 


57502 


KSMM-2200-35 


203351-000 


C 2 


Capacitor EL 


2200 pF - 1 0%/ + 5 0% 


35V 


57502 


KSMM- 220 0 - 3 5 


283351-000 


C3 


Capaci tor EL 


4700 pF - 1 0%/ +50% 


16V 


57502 


KSMM-4700-16 


263352-000 


CM 


Capacitor EL 


100 pF 20% 25V 




SM217 


SM-25-VB-100-M 


203334-000 


C5 


Capaci tor EL 


100 pF 20% 25V 




SM217 


SM-25-VB-100-M 


203334-000 


C 6 


Capaci tor EL 


100 p F 20% 25V 




SM217 


SM-25-V8- 1 00-M 


203334-000 


CIO 


Capacitor EL 


100 pF 20% 25V 




SM217 


SM-25-VB- 1 00-M 


203334-000 


Cll 


Capaci tor EL 


100 pF 20% 25V 




SM217 


SM-25-V8-100-M 


203334-000 


C 1 6 


Capacitor EL 


10 p F 20% 25V 




SM217 


SM-25-VB-10-M 


203336-000 


C 1 7 


Capac 1 tor EL 


10 fF 20% 25V 




SM217 


SM-25-VB-10-M 


203336-000 


C10 


Capaci tor EL 


10 pF 20% 25V 




SM217 


SM-25-VB-10-M 


203336-000 


C 1 9 


Capaci tor EL 


10 pF 20% 25V 




SM217 


SM-25-V8-10-M 


203336-000 


C 2 0 


Capacitor EL 


100 pF 20% 25V 




SM217 


SM-25-VB-100-M 


203334-000 


C21 


Capacitor PE 


0.1 pF 10% 200V 




56209 


192P10492 


234005-000 


C 2 2 


Capaci tor EL 


100 pF 20% 25V 




SM217 


SM-25-VB-100-M 


283334-000 


C23 


Capacitor PE 


0.1 pF 10% 200V 




56209 


192P10M92 


234005-000 


C 24 


Capacitor PP 


0.1 pF 10% 100V 




27735 


PP11-. 1-100-10 


234)40-000 


C 25 


Capacitor MPC 


.15 pF 10% 100V 




19701 


719B1CA15MPK101SA 


234163-000 


C 26 


Capaci tor EL 


10 pF 20% 25V 




SM217 


SM-25-VB-10-M 


203336-000 


C27 


Capaci tor Cer 


0.01 pF 10% 100V 




04222 


SR 2 0 1 Cl 0 3K AA 


224269-000 


C28 


Capaci tor EL 


10 pF 20% 25V 




SM217 


SM-25-VB-10-M 


283336-000 


C29 


Capacitor MPC 


: .33 pF 10% 100V 




19701 


719B1GD33MPK10J SB 


234162-000 


C31 


Capacitor EL 


10 pF 20% 25V 




SM217 


SM-25-VB-10-M 


203336-000 


C32 


Capacitor Mica 50pF 5% 500V 




20307 


DM 1 5-500 J 


200058-000 


C33 


Capacitor Mica 50pF 5% 500V 




20307 


DM 1 5 -500 J 


200058-000 


CR1 


Diode Bridge 


KBP-02 




20307 


KBP-02 


532013-000 


CR3 


Diode Bridge 


KBP-02 




20307 


KBP-02 


532013-000 


CRM 


Diode 1N4001 






04713 


1NM001 


530)51-000 


CR5 


Diode 1N4001 






0471 3 


1N4001 


530151-000 


CR6 


Diode 1N4001 






04713 


1NM001 


530151-000 


CR7 


Diode 1N914 






01295 


1 N 9 1 4 


530050-000 


J 2 


Socket Pin Spring 




32575 


1-332070-7 


479333-000 


J1 15) 


Header 5 Circuit 




06303 


HPSS-156-5-C 


477345-000 


J 4 ( 0 ) 


Connec tor 22 


Circui t 




27264 


22-02-2225 


479428-000 


Q 1 


Transistor PNP 2N3906 




04713 


2N3906 


528076-000 
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5-2. Replacement Parts (Continued) 



Replaceable Parts List for PWA Main Pinal 
Reference 

Symbol Description 


Mf r . 


PL 042242-0 0C 
Mfr's Part No. 


BEC Part 


R 1 


Resistor 


MF 10.0k ohm 1% 


— 


RN55D- 1 002-F 


341400-000 


R2 


Resistor 


MF M . 9 9 k ohm 1% 


— 


RN55D-4991-F 


341367-000 


R3 


Resi stor 


MF 2.21k ohm 1% 


— 


RN55D-22 1 1 - F 


341333-000 


R4 


Resistor 


MF 12.7k ohm 1% 


— 


RN550- 1272-F 


341410-000 


R 1 1 


Resistor 


Comp 12M ohm 5% 


0112) 


CB 


343700-000 


R 1 2 


Resistor 


Comp 12M ohm 5% 


01121 


CB 


343708-000 


R 1 3 


Resistor 


MF 100k ohm 1% 


— 


RN55D- 1 003-F 


341500-000 


RIM 


Resi stor 


MF 10.0k ohm 1% 


— 


RN55D-1002-F 


341400-000 


R 1 5 


Resistor 


MF 1.00k ohm 1% 


— 


RN55D-1001-F 


341300-000 


R 1 6 


Resistor 


MF 221 ohm 1% 


— 


RN55D- 22 1 0 -F 


341233-000 


R 1 7 


Resistor 


MF 1.00k ohm 1% 


— 


RN55D-1001-F 


341300-000 


RIB 


Resistor 


MF 10.0k ohm 1% 


— 


RN55D- 1 002-F 


341400-000 


R 1 9 


Resistor 


MF 100k ohm 1% 


— 


RN5 5D-1003-F 


34 1500-000 


R20 


Resistor 


MF 0.25k ohm 1% 


— 


RN55D-0251-F 


34 1 380-000 


R21 


Resistor 


MF 1.02k ohm 1% 


— 


RN55D- 1 021 -F 


341325-000 


R22 


Resistor 


MF 0.25k ohm 1% 


— 


RN55D-0251-F 


341300-000 


R23 


Resistor 


MF 1.02k ohm 1% 


— 


RN55D-1021-F 


341325-000 


R2M 


Resistor 


Comp 1 . 0M ohm 5% 


01121 


CB 


343600-000 


R25 


Resistor 


MF 10.0k ohm 1 % 


— 


RN55D-1002-F 


341400-000 


R27 


Resistor 


Var 25k ohm 10% 0 . 5W 


73130 


72PR25K 


311400-000 


R28 


Resistor 


Var 25k ohm 10% 0.5W 


73130 


72PR25K 


31 1400-000 


R29 


Resistor 


Var 25k ohm 10% 0.5W 


73130 


72PR25K 


311400-000 


R30 


Resistor 


Var 25k ohm 10% 0.5W 


73130 


72PR25K 


311400-000 


R3M 


Resistor 


Var 25k ohm 10% 0 . 5W 


73130 


72PR25K 


31 1400-000 


R35 


Resistor 


Var 25k ohm 10% 0 . 5W 


73138 


72PR25K 


31)400-000 


R36 


Resistor 


Var 25k ohm 10% 0 , 5W 


73130 


72PR25K 


311400-000 


R37 


Resi stor 


MF 51.1k ohm 1% 


— 


RN55D-51 1 2-F 


341460-000 


R36 


Resistor 


MF 2.26k ohm 1% 


— 


RN55D- 22 6 1 -F 


341334-000 


R39 


Resistor 


MF lM.Ok ohm 1% 


— 


RN55D-1402-F 


34 1414-000 


RMO 


Resistor 


MF 590 ohm 1% 


— 


RN55C-5900-F 


341274-000 


R41 


Resi stor 


MF M . 1 2k ohm 1% 


— 


RN55D-4 121-F 


341359-000 


RM 2 


Resistor 


MF 127 ohm 1% 


— 


RN55D- 1 270-F 


341210-000 


RM 3 


Resistor 


MF 976 ohm 1% 


— 


RN550-97 60-F 


341295-000 


RMM 


Resistor 


MF M 7 . 5 ohm 1% 


— 


RN55D-47R5-F 


341165-000 


R45 


Resis tor 


MF 70.7k ohm 1% 


— 


RN55D-7072-F 


341406-000 


RM 6 


Resistor 


MF 165 ohm 1% 


— 


RN55D- 1 650-F 


341223-000 


RM7 


Resistor 


MF 10.0k ohm 1% 


— 


RN55D- 1 002-F 


341400-000 


RM0 


Resistor 


Comp 5.6k ohm 5% 


01121 


CB 


343372-000 


RM9 


Resistor 


Comp 3.3k ohm 5% 


01121 


CB 


343350-000 


R 50 


Resistor 


MF 10.0k ohm 1% 


— 


RN55D-1002-F 


341400-000 


R51 


Resistor 


Comp 100 ohm 5% 


01121 


CB 


343200-000 


R52 


Resistor 


Comp 1 . 0M ohm 5% 


01121 


CB 


343600-000 


R53 


Resistor 


MF 1.65k ohm 1% 


— 


RN55D-1651 -F 


341321-000 


R5M 


Resistor 


Comp 200k ohm 5% 


01121 


CB 


343529-000 


R55 


Resistor 


Var 2k ohm 10% 0.5W 


73130 


72PR2K 


311343-000 


R56 


Resistor 


MF 7.50k ohm 1% 


— 


RN55D-7501-F 


341384-000 


R57 


Resistor 


MF 681 ohm 1% 


— 


RN55D-6810-F 


341200-000 


R59 


Resistor 


Comp 4.7k ohm 5% 


01121 


CB 


343365-000 


R60 


Resistor 


MF 100k ohm 1% 


— 


RN55D- 1 003-F 


341500-000 


TP1 


Terminal 


(Test Point) 


313)3 


TP-3 01-10 


403250-000 


TP2 


Terminal 


(Test Point) 


31313 


TP-101-10 


483258-000 


TP3 


Terminal 


(Test Point) 


31313 


TP-101-10 


403250-000 


TP6 


Terminal 


(Test Point) 


31313 


TP-3 01-10 


403258-000 


TP7 


Terminal 


(Test Point) 


3133 3 


TP-101-10 


483250-000 


TP8 


Terminal 


( Test Point) 


31313 


TP-101-10 


483258-000 


TP9 


Terminal 


(Test Point) 


31313 


TP-10) -10 


403250-000 


TP2 5 


Terminal 


(Test Poi nt ) 


31313 


TP-101-10 


483258-000 


TP2 6 


Terminal 


(Test Point) 


31313 


TP-101-10 


403250-000 


TP2 7 


Te rminal 


(Test Point) 


31313 


TP-101-10 


483250-000 


TP2B 


Terminal 


(Test Point ) 


31313 


TP-101-10 


403258-000 


TP2 9 


Terminal 


(Test Point) 


31313 


TP-101-10 


483258-000 


TP3 0 


Terminal 


(Test Point) 


31313 


TP-101-10 


403258-000 


TP3 1 


Terminal 


( Test Point ) 


31313 


TP-101-10 


483258-000 


TPI 


Terminal 


(Test Point) 


31313 


TP- 101 -1 0 


483258-000 


TPN 


Terminal 


( Test Point ) 


31313 


TP-101-10 


483258-000 


U6 


IC 70LO5AWC Regulator 


07263 


78L0SAWC 


535044-000 


U7 


IC 79L05ACP Regulator 


04713 


MC79L05ACP 


535090-000 


Ufl 


IC LF356 


Op Arnp I T/F 535052000 


04901 


BEC 


535062-000 


U9 


IC IH62O0CPE 


32293 


IH6208CPE 


534266-000 


U10 


IC LF356 


Op Amp I T/F 535052000 


04901 


BEC 


535062-000 


un 


IC CDM001AE 


02735 


CD4001 AF 


534023-000 


111 2 


IC LF356F 


Op Amp 


01 295 


LF356P/003B-OO 


535040-000 


U 1 3 


IC LF356P Op Amp 


01295 


LF356P/003B-OO 


535040-000 


U1M 


IC IH61O0CPE 


32293 


IH6108CPE 


534265-000 


U15 


IC CD4066AE 


02735 


CD4Q66AE 


534070-000 


U 1 6 


IC CD4081BE 


02735 


CD 4 00 3 BE 


5341 42-000 


U 1 7 


IC CDM013BE (only) 


02735 


CD4013BE 


534205-000 


U18 


IC CD4013BE ( onl y ) 


02735 


CD4013BE 


534205-000 


U19 


IC LF356P Dp Amp 


01295 


LF356P/803B-OO 


535040-000 
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5-2. Replacement Parts (Continued) 



Replaceable Parts List for PWA Main Final PL 042242-000 

Re f e rence 



Symbol 


Description 


Mf r . 


Mfr's Part No. 




BEC Part No 


U 2 0 


IC 74LS163AN Sync Preset Binary Counter 


01295 


SN74LS163AN 




534279-000 


U 2 1 


IC ICL7901CPL A/D Converter 


32293 


JC7109CPL 




535089-000 


U 2 2 


IC SN74LS90N 


01295 


SN74LS90 




534233-000 


U 2 3 


IC 74LS163AN Sync Preset Binary Counter 


01295 


SN74 LSI 63 AN 




534279-000 


U 2 4 


IC 74LS32N Quad 2 Input OR 


01295 


SN74LS32N 




534160-000 


1125 


IC 74LS04N Hex Inverter 


01295 


SN74LS04N 




534155-000 


U26 


IC SN74LS74N 


01295 


SN74LS74N 




534157-000 


U27 


IC 74LS02N Quad 2 Input NOR 


01295 


SN74LS02N 




534154-000 


U 2 8 


IC Z80-CPU-PS 


56708 


Z80-CPU-PS 




534159-000 


U 2 9 


IC 2732 Eprom M/F 534268 ’A' SHAPING) 


04901 


BEC 




534276-000 


U 3 0 


IC P2111A-4 


34 649 


P2111A-4 




534162-000 


U 3 1 


IC Am8255APC Interface 


34 335 


AM 8255 APC 




534171-000 


U 3 2 


IC P21UA-4 


34649 


P 2 1 3 1 A - 4 




534 1 62-000 


U 3 3 


IC A0558JD 0/A Converter 


51640 


AD558JD 




534267-000 


XU1 


Socket IC 15 Pin M/F 473048 


04901 


BEC 




473067-00B 


XU2 


Socket IC 15 Pin M/F 473048 


04901 


BEC 




473067-0 0B 


XU3 


Socket IC 15 Pin M/F 473048 


04901 


BEC 




473067-00B 


XUS 


Socket IC 8 Pin 


06776 


ICN-0B3-S3-G 




473041-000 


XU9 


Socket IC 16 Pin 


06776 


ICN-163-S3-G 




473042-000 


XU10 


Socket IC 8 Pin 


06776 


ICN-0B3-S3-G 




473041 -000 


XU11 


Socket IC 14 Pin 


06776 


I CN- 1 4 3-S3-G 




473019-000 


XU1 4 


Socket IC 16 Pin 


06776 


ICN-1 63-S3-G 




473042-000 


XU 1 5 


Socket IC 14 Pin 


06776 


ICN-143-S3-G 




473019-000 


XU 1 6 


Socket IC 14 Pin 


06776 


ICN-143-S3-G 




473019-000 


XU 1 7 


Socket IC 14 Pin 


06776 


ICN-143-S3-G 




473019-000 


XU 1 8 


Socket IC 14 Pin 


06776 


ICN-143-S3-G 




473019-000 


XU2 1 


Socket IC 40 Pin 


06776 


ICN-406-S4-G 




473052-000 


XU2 8 


Socket IC 40 Pin 


06776 


ICN-406-S4-G 




473052-000 


XU2 9 


Socket IC 24 Pin 


06776 


ICN-246-S4-G 




473043-000 


XU3 0 


Socket IC 18 Pin 


06776 


ICN-1 8 3 -S3-G 




473045-000 


XU3 1 


Socket IC 40 Pin 


06776 


ICN-406-S4-G 




473052-000 


XU3 2 


Socket IC 18 Pin 


06776 


ICN- 1 83 -S3-G 




473045-000 


XU33 


Socket IC 16 Pin 


06776 


ICN-163-S3-G 




473042-000 


Y 1 


Crystal 3.579545 MHz 


95402 


Holder HC-1R/U 


Tol . ±0.003% 


547035-000 


Replaceable Parts List for Rear Panel Assembly for 


4210 


PL 


042246-00 A 




Reference 












Symbol 


Description 


Mf r . 


Mfr’s Part No. 




BEC Part No 


FI 


Fuse 0.3 A 


54426 


MDL 0.3 




545507-000 


FH1 


Fuse Carrier (Gray) 


17801 


FEX 031 .1666s 




482114-000 


P3 


Connector 5 Circuit 


06383 


CE156F24-5-C 




479394-000 


T 1 


Transformer Power 


04901 


BEC 




446093-00A 


Replaceable Parts List for Chopper Assembly 




PL 


04 21 61 - (JOG 




Refer e nee 












Symb o I 


Description 


Mf r . 


Mfr's Part No. 




BEC Part No 


Cl 


Capacitor PP 0.1 nF 10% 100V 


27735 


PP11- . 1-100-10 




234140-000 


C2 


Capacitor PP 0.1 nF 10% 100V 


27735 


PP 1 3 - . 1-100-10 




2341 48-000 


IC1 


IC CD4016BE (only) IT/F 534354 PED4200-3 


04901 


BEC 




5 3 4223-00 0 


PI 


Termi nal 


98291 


229-1071-23 




510038-000 


R3 


Resistor MF 51.1k ohm 1% 


— 


RN55D-51 12-F 




341468-000 


R4 


Resistor Var 20k ohm 10% 0.5W 


731 3B 


72PR20K 




311354-000 


R5 


Resistor Var 20k ohm 10% 0 . 5W 


73138 


72PR20K 




311354-000 


R6 


Resistor MF 51,1k ohm 1% 


— 


RN55D-51 12-F 




341468-000 


XIC1 


Socket IC 14 Pin 


91506 


508-AG7D 




473056-000 


Replaceable Parts List for Front Panel Assembly for 


4210 


PL 


042243-0UA 




Re f e rence 












Symbol 


Description 


Mf r . 


Mfr’s Part No, 




RFC Part No. 


R3 


Resistor Var 5k ohm 10% 1W 


99942 


BA-0251-0001 




311407-000 



Replaceable Parts List for Switch/Cable Unit 






PL 465290-00A 




Reference 

Symbol 


Description 


Mf r . 


Mfr’s Part 


No . 


BFC Part No. 


P2 


Connector Housing 4 Pin Male 


27264 


03-06-2043 


Model 2004 


477306-000 


S2 


Switch Power 


13812 


572-2121-0103-010 


465206-000 
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5-2. Replacement Parts (Continued) 



Replaceable Parts List for PWA Display Final PL OM22MM-OOC 

Reference 



Symbol 


Description 






Mf r . 


Mfr’s Part No. 


BEC Part No. 


Cl 


Capacitor Cer 150 pF 10% 1 kV 






999M2 


CE-151 


22M31M-000 


C2 


Capacitor Cer 150 pF 10% 1 kV 






9 9 9 M 2 


CE-151 


22M31 M-000 


C3 


Capacitor EL 10 pF 20% 25V 






SM217 


SM-25-VB-1 0-M 


283336-000 


CR1 


Diode 1N91M 






01295 


1N91 M 


530058-000 


CR3 


Diode 1N91M 






01295 


1N91M 


530058-000 


CRM 


Diode 1N91M 






01295 


1N91M 


530058-000 


CR5 


Diode 1N91M 






01295 


1N91 M 


530058-000 


CR6 


Diode 1N91M 






01295 


1N91M 


530058-000 


CR7 


Diode 1N91M 






01295 


1N91M 


530058-000 


CR8 


LED 5082-M650 Red Diffused 






28 M 80 


HP5082-M650 


53601M-000 


CR9 


LED 5082-M68M Red Diffused 






28M80 


HLMP-3301 (5082-M68M) 


53602M-000 


CR10 


LED 5082-M68M Red Diffused 






28M80 


HLMP-1301 ( 5082-M6 8M ) 


53602M-000 


CRH 


LED 5082-M68M Red Diffused 






28M80 


HLMP-1301 (5082-M68M) 


53602M-000 


CR 1 2 


LED 5082-M68M Red Diffused 






28M80 


HLMP-1301 ( 5082-M68M ) 


53602M-000 


CR 1 3 


LED 5082-M68M Red Diffused 






28M80 


HLMP-1301 (5082-M68M) 


5 3 6;0 2 M - 0 0 0 


CR 1 M 


LED S082-M68M Red Diffused 






2 8 M 80 


HLMP-1301 (5082-M68M) 


53602M- 000 


□ SI 


Display Numeric 5082-7651 (C or 


□ 


Only ) 


28M80 


5082-7651 


536811-000 


□ S2 


Display Numeric 5082-7651 (C or 


□ 


Only ) 


28M80 


5082-7651 


53681 1 -000 


DS3 


Display Numeric 5082-7651 (C or 


D 


Dnly ) 


28 M 80 


5082-7651 


536811-000 


D3M 


Display Numeric 5082-7651 (C or 


D 


Only) 


28M80 


5082-7651 


536811-000 


Ml 


Meter Marked 






0 M 9 0 1 


BEC 


55M335-000 


Ml 


Meter Marked 






0 M 9 0 1 


BEC 


55M335-00A 


PM ( 8 ) 


Connector 22 Circuit 






2726M 


22-05-2221 


M77372-000 


Q3 


Transistor PNP D39C2 






01139 


039C2 


5280M8-000 


QM 


Transistor PNP D39C2 






01139 


D39C2 


5280M8-000 


Q5 


Transistor PNP D39C2 






01139 


D39C2 


5280M8-000 


Q6 


Transistor PNP D39C2 






01139 


D39C2 


5280M8- 000 


Q7 


Transistor PNP D39C2 






01139 


D39C2 


5280M8-000 


R1 


Resistor MF 1 .50k ohm 1% 






— 


RN55D-1 501-F 


3M1317-000 


R2 


Resistor Var 2K ohm 10% 0.SW 






73138 


72XWR2K 


31 1347-000 


RM 


Resistor Comp 7.5k ohm 5% 






01121 


CB 


3M338M-000 


R5 


Resistor Var 2K ohm 10% 0.5W 






73138 


72XWR2K 


3113M7-000 


R7 


Resistor MF 10.0k ohm 1% 






— 


RN55D-1002-F 


3M1M0 0-000 


RIO 


Resistor MF 10.0k ohm 1% 






— 


RN55D- 1 002-F 


3M 1 MOO-OOO 


R 1 1 


Resistor MF 10.0k ohm 1% 






— 


RN55D-1 002-F 


3M1M00-000 


R 1 2 


Resistor MF 10.0k ohm 1% 






— 


RN55D-1 002-F 


3M1MOO-OOC) 


R 1 3 


Resistor MF 10.0k ohm 1% 








RN55D-1 002-F 


3M 1 MOO-OOO 


RIM 


Resistor Comp 330 ohm 5% 






01 121 


CB 


3M3250-000 


R15 


Resistor Network 51 ohms 2% 






73138 


898-3-R51 


3M5036- 000 


R 1 6 


Resistor MF 10.0k ohm 1% 






— 


RN55D-1 002-F 


3M1MOC-000 


SI 


Switch Pushbutton 






31918 


220075 Type D7 


M65287-000 


S2 


Switch Pushbutton 






31918 


220075 Type D7 


465287-000 


S3 


Switch Pushbutton 






31918 


220075 Type D7 


M6S287- 000 


SM 


Switch Pushbutton 






31918 


220075 Type D7 


465287-000 


S5 


Switch Pushbutton 






31918 


220075 Type 07 


M65287-000 


U1 


IC CA31M0AE Dp Amp 






02735 


CA31M0AE 


535050-000 


LI2 


IC 7M38N Quad 2 Input Nand Buffer 




01295 


SN7M38N 


53M 108-000 


L) 3 


IC 7M38N Quad 2 Input Nand Buffer 




01295 


SN7M38N 


53M1 08-000 


XDS 1 


Socket IC 1M Pin 






06776 


ICN-1M3-S3-G 


M73019-000 


XDS2 


Socket IC 1M Pin 






06776 


ICN-1M3-S3-G 


M7301 9-000 


XDS3 


Socket IC 1M Pin 






06776 


ICN-1M3-S3-G 


473019-000 


XDSM 


Socket IC 1M Pin 






06776 


ICN-1M3-S3-G 


473019-000 



Replaceable Parts List for Heatsink 


Assemb 1 y 


for 4210 




PL 


OM22M7-OOA 




Reference 

Symbol 


Description 






Mf r . 


Mf r 1 s Part 


No . 




BEC Part No. 


U1 


IC 78MGU1C Regulator 






07263 


78MGU1C 






535042-000 


U2 


IC 79MGU1C Regulator 






07263 


p 79MGU 1 C 






535097-00A 


LI 3 


IC p A 7 8 0 5L1C Regulator 6 


Hardwar e 


07263 


HA7805UC 






5350 11 -00 A 


Replaceable Parts List for Button 


Up 


Assemb] y 


M 2 1 0 




PL 


94G017-00A 




Reference 

Symbol 


Description 






M f r . 


Mfr's Part 


No . 




BEC Part No . 


LC1 


Line Cord 






1 6 M 82 


CH9M61 






568106-000 



Replaceable Parts List 


for Fuse Kit for 220V at 0.2A 




PL 9 6 0 0 0 3 - f) 1 A 




Reference 

Symbol 


Description 


Mf r . 


Mf r 


' s Part No . 


BEC Part No. 


FI 


Fuse 0,2 A 


54426 


MDL, 


0.2 


545508-000 


FH1 


Fuse Carrier 


(Black) (Foreign only) 17801 


FEK 


031 .1663s 


M 8 2 1 1 5 - 0 0 0 
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SCHEMATIC DIAGRAMS 



NOTE 

Internal drawing number 831 170, Sheet 1 of 3 
is referenced on various schematic diagrams 
in this section. This number corresponds to 
Figure 6-1. 
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DETECTOR 

CABLE 



SCHEMATIC, 

MAIN FRAME ASSY. 
831 170C , SHT. I 



Figure 6-1 Main Frame Al, Schematic Diagram 
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Figure 6-4 Digital Section A2, Schematic Diagram 
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